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Preface
It is the 10th year of the “Evidence Based Management”
meetings as Tata Memorial Hospital. This decade has seen
a perceptible change in the academic lingo with off
repeated use of terms “randomized evidence”, “metaanalysis and “levels of evidence”. Probably it has also
induced uniform patterns to care across India reducing
unnecessary long distance travel for patients to seek better
patient care.
Hodgkins Lymphoma remains one of the most curable
malignancies across all ages. Since its first description in
1832, there have been significant advances in the
treatment of Hodgkin’s Lymphoma. This has resulted in
long term survival of more than 90% for early stage disease
and more than 60% for advanced disease. Now the focus
is more on reducing the toxicities of treatment in these
long term survivors.
This book therefore focuses on the evidence which has
become a standard of care in the management of
Hodgkin’s Lymphoma and also on diagnostic pathways,
management algorithms and rehabilitation. The chapters
have been written in such a way as to make it easy for the
reader to understand the basis of primary evaluation and
how the management has evolved over the years.

I hope that you find this book and the meeting useful for
your day to day practice and also gives you opportunity
do some clinical research which can have impact on the
patient care in future.

February 2012
Mumbai

R A Badwe
Director,
Tata Memorial Centre

The Pathology of
Hodgkin’s Lymphoma

Plan of Discussion
I.

From Hodgkin’s to a B cell lymphoma

II.

Classification and subtypes of Hodgkin’s lymphoma

III. Diagnostic triad
IV. Gray zones in Hodgkin’s lymphoma
I) From Hodgkin’s to a B cell lymphoma
The historical observation of peculiar giant cells by
Greenfield and subsequently by Carl Sternberg and
Dorothy Reed provided generations of pathologists with
diagnostic criteria that were so striking that the
recognition of Reed-Sternberg (RS) cells became
synonymous with the diagnosis of Hodgkin’s lymphoma,
and dominated our view of this lymphoma. This RS cell
dogma was followed by immunohistochemical studies,
which resurrected the idea that Hodgkin’s lymphoma
might be closely related to Non Hodgkin’s lymphomas, and
that the RS cells were probably B lymphocyte derived.
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While the data was very convincing for the majority of
cases of nodular lymphocyte predominance disease, only
about 40% of cases of mixed cellularity and nodular
sclerosis types were found to express B-cell markers. Only
after laser micro dissection and demonstration of a
rearranged IGH gene in classical Hodgkin’s lymphoma
(CHL) the belief that CHL is a B cell lymphoma was
confirmed and this disease thus became a “lymphoma”
though the dogmas of RS cells and the “Hodgkin’s” label
remained.
The Reed Sternberg (RS) cells in CHL constitute a
population of end stage cells (in germinal center or
immediate post germinal center) that ordinarily would
undergo apoptosis in normal germinal center. These RS
cells are clonal B cells that have lost their B cell receptors
and would normally die by apoptosis. However following
oncogenic agents like EBV infection etc these RS cells
escape apoptosis by expressing NF kappa beta, which
serves as an apoptosis blocker in RS cells, effectively
preventing maturation and immunoglobulin production
and neoplasia. The RS cells of the nodular lymphocyte
predominance form are also considered to be derived from
germinal center cells but they do retain limited ability to
produce immunoglobulin, but again without full functional
maturation to plasma cell progeny.
II)

Classification and subtypes of Hodgkin’s lymphoma
(HL)
The classification of Hodgkin’s lymphoma though proposed
by Lukes and Butler was simplified at the Rye conference
in 1965 but has stood the test of time because of the high
2

interpersonal/ intrapersonal reproducibility and good
clinicopathological correlations. It is noteworthy that HL
subtyping should be performed only in lymph node
biopsies at the onset of the disease: in fact, chemotherapy
and/or radiotherapy modify the histopathological picture
by inducing a lymphocyte depleted pattern. The
classification is as follows:I.

Classical Hodgkin’s Lymphoma(CHL)- 95% of all HL
Nodular sclerosis – type I and type II- 60-80%
-

Mixed cellularity – 15-30%

-

Lymphocyte rich – 5%

-

Lymphocyte depleted – 1%

II.

Nodular lymphocyte predominant Hodgkin’s
lymphoma( NLPHL)- 5% of all HL
A) Why CHL Vs NLPHL: - The two main subtypes of
Hodgkin’s lymphoma are classical Hodgkin’s
lymphoma (CHL) and nodular lymphocyte
predominant Hodgkin’s lymphoma (NLPHL). It is
essential to distinguish the two because NLPHL in
early stage has favourable prognosis and Stage I
NLPHL may be treated with a wait and watch or RT
alone with an Over all survical (OAS) of 100% and
event-free survival (EFS) of 69% . The German
Hodgkin’s lymphoma study group documented that
CR/CRu in early stage was observed with 91% of
NLPHL vs. 86% in CHL, 86% vs 83% in early
unfavourable, 79% vs 75% in advanced stages. OAS
for NLPHL and CHL patients was however similar viz:96% and 92%, respectively. The European Task Force
on Lymphoma (ETFL) also reported favorable freedom
3

from treatment fail-ure for early-stage disease (85%
for stage I; 71% for stage II) compared with those with
stage III (62%) or IV (24%) disease.
B)

Subtypes of CHL and their relevance:- The
predominant histological subtype of Hodgkin’s
Lymphoma (HL) also differs by geographic location
and economic advancement. In developed countries
such as the US, nodular sclerosis subtype
predominates and accounts for most cases in young
adults while in economically disadvantaged areas
including India, mixed cellularity Hodgkin’s
Lymphoma (HL) is more frequent in children and older
adults. This subtype classification has been replicated
in gene profiling studies whereby nodular sclerosis
and mixed cellularity Classical Hodgkin’s Lymphoma
(CHL) samples were shown to be distinct even on
gene profiling. The subtypes their distinctiveness and
behavior are summarized below.

Nodular sclerosis(CHL-NS) — Nodular sclerosis (NS)
subtype is characterized by an at least a partially nodular
growth pattern, with fibrous bands separating the nodules
of lymphoid cells with the neoplastic lacunar cells. Fibrosis
is essential for diagnosis though in cellular Nodular
sclerosis (NS) it may not be striking and displays typical
birefractive green color at polarized light microscopy.
The relevance of grading of NS has been widely debated
in the literature. British National Lymphoma Investigation
(BNLI) grading system classified NS as grade I and grade II.
NS were classified as grade 2, if: a) more than 25% of the
cellular nodules showed reticular or pleomorphic
lymphocyte depletion, or b)the majority of the cellular
4

nodules (> 80%) showed the fibrohistiocytic variant of
lymphocyte depletion, or c) more than 25% of the nodules
contained numerous bizarre and highly anaplasticappearing Hodgkin cells without depletion of lymphocytes.
Although some reports supported the significant
differences in survival in the two groups, this finding could
not be confirmed by several other groups. A detailed
analysis of published studies on NS grading reveals no
convincing data contradicting the prognostic value of this
grading NS for advanced stages, though the benefit in early
and intermediate stages is questionable. A relatively
recent study showed a new prognostic score combining 4
adverse morphologic factors eosinophilia, atypia,
lymphocyte depletion, and necrosis to be of relevance in
prognosticating CHL.
Mixed cellularity- This histological picture is characterized
by diffuse paracortical growth of HL with intensely
inflamed background or the reactive milieu and high
number of RS cells. Interfollicular and epithelioid rich CHL
are variants of CHL-MC type.
Lymphocyte rich (CHL-LR):- Patients with NLPHL and CHLLR clearly share many clinical features that differ from the
CHL- nodular sclerosis or mixed cellularity types, as they
present with an earlier disease stage and infrequent
mediastinal involvement. Histologically CHL-LR shares its
nodular B lymphocyte rich background with NLPHL
however the nodular structures frequently show small
germinal centres at their periphery and typical RS cells
are seen. It’s the immunophenotype of RS cells that is
different in the two subtypes whereby NLPHL shows strong
LCA/ CD20 expression in both large L & H cells and
background mature B cells but RS cells in CHL-LR are LCA
5

negative and show CD20 and CD79a positivity in 32.5%
and 8.7% of cases respectively. About 50% of the examples
of CHL-LR harbor EBV positive RS cells as opposed to NLPHL
which is always negative. However NLPHL after therapy
may lose its CD20 expression and mimic CHL-LR easily. The
expression of B-cell transcription factors such as OCT.1,
OCT.2, BOB.1, and BCL6 was more frequent in lymphocyterich classical Hodgkin’s lymphoma than in other variants
of CHL. A follicular T-cell microenvironment (like NLPHL)
was also identified in 50% of lymphocyte-rich classical
Hodgkin’s lymphoma cases. Behavior wise 27% of relapsing
NLPHL patients had multiple relapses, which is significantly
more than the 5% of relapsing CHL-LR patients who had
multiple relapses. NLPHL patients however had
significantly superior survival after relapse as compared
with CHL-LR or CHL patients.
Lymphocyte depletion (CHL-LD): - This variant is very rare,
accounting for about 1% of HL and has been uniformly
reported to have aggressive behavior. The reticular variant
of CHL-LD shows a striking predominance of pleomorphic
RS cells with few reactive cells and interlacing type of
fibrosis which may mimic a sarcomatoid tumor. In the
diffuse fibrosis variant, RS cells are scarcer, and the
histological picture is dominated by dense fibrosis. The
PAS positive immature collagen found in cases of diffuse
fibrosis is probably a very helpful feature in the
identification of this variant.
Though immunohistochemical findings do not differ
significantly from other variants of CHL a recent study
showed that the RS cells in CHL-LD show a higher
expression of LMP1/EBV and of caspase 8. The close
differential for this subtype is anaplastic large cell
6

lymphoma and the strict criteria for diagnosis have indeed
lead to under diagnosis of this variant of CHL.

III) The Diagnostic Triad of CHL
Hodgkin’s lymphoma notoriously has a broad range of
morphologic features and misdiagnosis is seen in 13-47%
of cases. The RS like cells that we identify as prototypical
of Hodgkin’s lymphoma are also seen in Non Hodgkin’s
lymphoma (T cell rich B cell lymphoma and peripheral T
cell lymphoma), viral infections, post transplant
lymphoproliferative disorders, drug induced
lymphadenopathy and autoimmune diseases.
The pathology diagnosis of Hodgkin’s lymphoma is
dependent on
i. Presence of typical and variants of RS cells
ii. The typical Immunophenotype of RS cells
iii. Background population surrounding R S cells
The Typical Morphology of RS cells and variations
Classical HL is defined by the presence of diagnostic ReedSternberg (RS) cells in an inflammatory milieu containing
a variable number of small lymphocytes, eosinophils,
neutrophils, macrophages, plasma cells, fibroblasts, and
collagen fibers. The classical RS cells are gigantic cells with
two or more lobed nucleus mirror image of each other,
each with an eosinophilic inclusion like nucleoli and
abundant amphophilic cytoplasm. The mononuclear cells/
“Hodgkin cells” have similar prominent nucleoli but have
one nucleus. “Mummified cells” are neoplastic cells that
contain condensed cytoplasm and pyknotic reddish nuclei.
“Lacunar cells” are typical of nodular sclerosis subtypes
and have multilobated nuclei, small nucleoli, and
7

abundant, pale cytoplasm that often “retracts” during
tissue fixation and sectioning, leaving the nucleus in what
appears to be an empty space (lacuna). The “lymphocytic
and histiocytic” (L&H) variants which are prototypical for
NLPHL, sometimes referred to as “popcorn cells” have
vesicular, polylobulated nuclei and distinct, small, usually
peripheral nucleoli, without perinucleolar halos.
Sometimes NLPHL may show classic RS cells and under
these circumstances, immunophenotyping plays a
fundamental role in the differential diagnosis between
NLPHL and CHL-LR.
The Typical immunoprofile of Classical Hodgkin’s
lymphoma and nodular lymphocyte predominant
Hodgkins lymphoma:- The RS cells (L& H cells) in NLPHL
are clearly B cells and express LCA and CD20 strongly and
the neoplastic cells are surrounded by reactive B cell
nodules in a dendritic network. The reactive cells around
the L & H are CD3 positive T cells which form rosettes
around L and H cells.
The RS cells in CHL are incomplete B cells and are negative
for LCA and few may show CD20 expression but the
background lacks B cells and is T cell rich. However the
background in lymphocyte rich CHL shows reactive B cell
nodules with rosettes. A summary of immunophenotypic
differences in the two tumors is given in Table1. To quote
Indian literature 50% of CHL are immunonegative for CD15
making this a less useful marker in diagnosis, whereas
CD20 was expressed by 15.61% of tumors.
The Typical background cells in CHL/NLPHL:- The
background cells in CHL are typically reactive in
appearance and presence of atypical background cells
should prompt one to think of Non Hodgkins lymphoma
8
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Negative
Always positive
Positive in 30-78%
Positive in 22-25%
62% Positive
37% Positive
86% Positive
Positive in 5% but focal
65% and is associated with inferior
prognosis in patients44
14 to 18% but only a small fraction
of RS cells shows bcl6 protein 45
Rimming of neoplastic cells in
1% of CHL-LR
Dendritic network not specifically
nodular

LCA
CD30
CD15
CD20
OCT2
BOB1
PAX5
EMA
Bcl2

CD21/CD23

PD1

Bcl6

CHL- RS cells

Immunohistochemistry

Nodules of dendritic cell entrap the
large B cells

Rimming of most tumor cells in all cases.

83%

Positive, sometimes focal +
Positive in 7% 38,39
6% and is associated with poor prognosis
Always positive unless treated with rituximab
Positive in most cases
Positive in most cases
Positive in most cases
Often strong positive
5%

NLPHL - L& H cells

Table 1: Summary of the immunophenotypic differences in large cells in Classical Hodgkins
lymphoma (CHL) Vs Nodular lymphocyte predominant Hodgkins lymphoma(NLPHL)

with RS cells especially PTCL. However in a recent study
atypical T cells surrounding primary and secondary follicles
in a pattern mimicking the T-zone pattern of PTCL-NO were
described in NLPHL. The atypical T cells showed no pan-Tcell antigen loss or aberrant T-cell antigen expression in
any case, and showed no evidence of T-cell clonality. Hence
in an otherwise typical NLPHL atypical T cells in the
background of NLPHL may be ignored if they lack typical
criteria for T cell neoplasia.

IV) The Gray Zone in Hodgkin’s Lymphoma
diagnosis
While the diagnostic triad helps diagnosis in most HL in
few cases an overlap with different subtypes of HL and
NHL is noted. As Hodgkin’s RS cell is an incomplete B cell
or a null cell (neither T nor B) in 98% or rarely expresses T
cell markers in 5% cases and thus this gray zone can be
divided into the B cell spectrum and T cell spectrum. A list
of differential diagnosis for Hodgkin’s lymphoma is given
in Chart 1.
The B cell spectrum with immunophenotype of LCA +
or?/CD30+/CD20+/CD3-/CD15-or+
As Hodgkins is a B cell neoplasm, there are cases where
morphology and immunohistochemistry overlaps with a
diffuse large B cell lymphoma (DLBL) especially the T cell
or histiocytic rich variant and primary mediastinal
lymphoma which have a background cells similar to CHL.
An important pitfall is that LCA is negative in CHL but due
to extensive staining of the reactive background the
interpretation becomes difficult.
10
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Chart 1: The differential diagnosis of Hodgkin’s lymphoma

a)

NLPHL Vs T cell or histiocyte rich B cell lymphoma
(TC/HRBCL):

Around 3-5% of NLPHL lose their nodularity and produce
tumors with T cell rich background and scattered large B
cells which now can be labeled as T cell rich DLBL. These
progressed NLPHL though mimic a subtype of DLBL viz:- T
cell rich B cell lymphoma which is an aggressive tumor
with striking male predominance, advanced stage at
presentation and requires upfront aggressive therapy.
These two biologically opposite behaving tumors (NLPHL
and TC/HRBCL) also occur concurrently or subsequently
in patients and there have been reports on families being
affected by either one or both of these subtypes of
lymphomas and patients with composite NLPHL and TC/
HRCBCL. NLPHL may show progression to CD20 negative
T cell rich B cell lymphoma after rituximab therapy. A
subset of TC/HRBCL may be related to nodular lymphocyte
predominance Hodgkin lymphoma and do behave better
than others and thus a single nodule of NLPHL in an
otherwise diffuse lymphoma favors the diagnosis of
NLPHL. The tumour cells in NLPHL and TCRBCL are
morphologically and Immunophenotypically identical (RS
like B cells of germinal centre origin bcl6/CD20+/CD10
negative). The two tumors however differ with in their
background composition of reactive cells and differences
are summarized in Table 2.
b)

Gray zone between Classical Hodgkin’s Lymphoma
(CHL) and DLBL

Such types of tumors typically occur in the mediastinum
as at this location both CHL and primary mediastinal DLBL
(PMDLBL) arise from the thymic B cell. Gene profiling have
12

Table 2: Differentiation Progression in
NLPHL from DLBL/ TCRBCL
Features

Progressed NLPHL

T/HRBCL or DLBL

Nodule of
mature B cells

Even in severe
situations at least
one nodule with
preserved dendritic
network is seen

None

Background
T cells

Follicular helper
T cells CD4+/57+/
bcl6+/ CXCL13/
PD1 + and are
negative for
cytotoxic proteins
(TIA and
granzyme B)

Cytotoxic T cells
with CD8 and TIA/
Granzyme
expression

Rosettes of
CD57 positive
T lymphocytes
around large
B cells

Seen focally

Absent

documented the biologic relationship between these
entities and they are known to occur concurrently or
consequently in a patient. PMDLBL show two types of gene
profiles, one closely related to CHL and other to usual
DLBL. The histological and immunophenotypic features
that help distinguish these two are given in Table 3.
c)

B cell lymphoma unclassifiable with features
intermediate between DLBL and CHL:

The WHO 2008 has identified the problem on gray zone
in MDLBL and CHL and devised the above category to
13

Table 3:- Differentiating CD20 expressing Classical Hodgkins
lymphoma(CHL) from primary mediastinal diffuse large B cell
lymphoma( PMDLBL) 47,48
Features

CHL

PMDLBL

Background lymphoid
cells

Benign or reactive

Atypical

Inflammatory
background

Usual

Rare

CD30

92%

19%

LCA

Usually negative

Positive in
most cells

CD15

66%

0

Fascin

Positive

Negative

EBER/LMP1

19%

0

CD79a

10%

89%

Cyclin E

79%

0

BOB1

6%

100%

P63

3%

82%

indicate a true diagnostic problem to the clinicians. These
tumors usually show diffusely fibrotic stroma, a spectrum
of large cells some classical RS cells and usually a sparsely
inflammatory background. Necrosis in these lymphomas
is not associated with a neutrophilic infiltrate. On
immunohistochemistry the RS cells show the profile in
between DLBL and CHL viz:- LCA-/?, CD15 variable, CD30+,
CD20+, CD79a +, PAX5+, OCT2, BOB1 +/-, ALK negative. In
such cases presence of CD15 and EBV would favor CHL,
whereas MAL expression (a marker associated with
PMDLBL) and CD15 negativity would favor PMDLBL. These
tumors have a poor survival as compared to CHL/PMDLBL.
14

Treatment strategies for his group are unclear but both
aggressive B cell and CHL like regimen have been used
with variable success.
d)

Gray
zone
between
EBV
associated
lymphoproliferations in elderly and Hodgkins
lymphoma:

EBV + DLBL of elderly( > 50 yrs) were described in 2003 in
immunocompetent elderly patients with no known
immunodeficiency and one subtype of this tumor is
identical in morphology to classical Hodgkins lymphoma.
Most of the reported cases are from Asian countries and
it accounts for 8–10% of all DLBL in these populations with
70% of patients presenting at extra nodal sites like skin,
lung, tonsil and stomach, and in advanced stages. While
morphology is a dead end the latency of EBV within the
large cells helps separate the two lesions adequately as
shown in Table 4.

Table 4: Distinction of EBV positive DLBL in elderly
Vs classical Hodgkins lymphoma/ CHL
Features

EBV + DLBL elderly

CHL

Background

Polymorphous or
monomorphic

Polymorphous

Immunohistochemistry CD45 +,
CD20/CD79a +,
variably CD30 +
CD15 –

CD45 - , CD30 +
variably CD20/
CD79a +, CD15
variable

EBV latency

EBV latency II –
EBER, EBNA-1,
EBV-LMP-1 and
LMP-2A

EBV latency III
– EBV-LMP1 and
EBNA2 positive

15

The T cell spectrum with RS cells showing
immunophenotype of LCA-/CD30+/CD20-/CD3-/CD151. Gray zone between ALCL Vs CHL Although originally
proposed as a variant of ALCL resembling Hodgkin’s
lymphoma (HL), it is now shown that most cases of
such cases are examples of histologically aggressive
Hodgkin’s lymphoma (ALCL like Hodgkin’s
lymphoma), either nodular sclerosis type II, or
lymphocytic depletion. It is recommended that in ALK
negative CD30 positive tumors that at least two of
the following markers LCA, EMA, CD43 or T cell
antigens should be positive before labeling as ALCL.
This gray zone diagnosis also demands that B cell
transcription factors( BOB1/Oct2/PAX5) be done as
PAX5 expression is seen in CHL but not in ALCL.
However expression of B cell markers in CHL is
variable and PAX5 is expressed only in 88% of CHL, in
all NLPHL & DLBL, 77% of ALCL like HL but also in
18% of ALK negative ALCL though none of the ALK +
ALCL are positive. OCT2 was expressed in CHL and
ALCL like HL but not in ALK negative ALCL. Though
most cases of CHL and ALCL like HL expressed BOB1;
PAX5 positive ALCL like HL and ALK negative ALCL are
negative for BOB1. A combination of PAX 5 and OCT
2/BOB1 should be used for accurate recognition as
Hodgkin-like ALCL and ALK-negative ALCL specimens
with expression of PAX-5 do not co express Oct.2 and
BOB.1. Sometimes though CD3 may be negative, on
day to day practice we use demonstration of the T
cell receptor rearrangement to favor a diagnosis of
ALCL. The neoplastic cells in ALK negative null cells
ALCL express p63 in 38% of the cases but none of the
16

cases of classical Hodgkin’s lymphoma demonstrated
any p63 expression.
Differentiation of ALCL Vs CHL

Any tumor with expression of the B cell transcription
factors listed above or showing Focal CD20 +/weak
CD79a+ would classify for a Hodgkins lymphoma


Any tumor with expression of CD43/ CD 3; focal LCA
and EMA or showing T cell receptor rearrangement
would classify for an ALCL

2.

Gray zone between peripheral T cell lymphoma not
otherwise specified (PTCLNOS) Vs Hodgkins
lymphoma :- PTCL NOS is a heterogeneous disease
and show EBV infected large lymphoid cells or
immunoblasts which mimic RS cells of CHL. Though
this is an infrequent finding described in literature,
we come across this mistake frequently. In the context
loss of T cell antigens in the background population
surrounding RS cells or presence of clonality favors
PTCL-NOS. However reports have documented that
RS cells in CHL (5%) express at least one T-cell marker
commonest being CD2 and CD7 cases, but a small
proportion with a mean fraction of 40% of RS cells
expressed these markers and T cell clonality was seen
in 2/15 of these cases only.

Conclusion:
The exponential increase in scientific knowledge has lead
to diagnostic confusion around a hither to well defined
entity like Hodgkins lymphoma. Pathologist have thus
moved thus from making a H & E diagnosis to ordering a
extensive panel of immunohistochemistry in this tumor.
17

The Gray zone lymphomas exist and represent a true
diagnostic dilemma but joint discussion between
oncologist and pathologist with clinical presentation and
pathology perspectives goes a long way in solving cases.

Abbreviations
T/HRBCL:- T cell or histiocytic rich B cell lymphoma
PTCLNOS:- peripheral T cell lymphoma not otherwise
specified
NLPHL:- nodular lymphocyte predominant Hodgkins
lymphoma
ALCL:- anaplastic large cell lymphoma
CHL:- classical Hodgkins lymphoma
PMDLBL:- primary mediastinal diffuse large B cell
lymphoma
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Role of PET-CT in
Hodgkin’s Lymphoma

Imaging plays an important role in treatment of Hodgkin
Lymphoma (HL) both in terms of deciding the treatment
plan and prognostication. Contrast enhanced computed
tomography (CECT)of neck, thorax , abdomen and pelvis
has been the standard imaging methodology to determine
the disease extent, monitoring of treatment response on
therapy and at the end of treatment. However it has its
own limitations in terms inability to detect the small lymph
nodes and to differentiate active disease in residual mass
versus fibronecrotic scar tissue at the end of therapy.
Positron-emission tomography (PET) which uses
fluorinated deoxyglucose (FDG) has overcome these
inadequacies of CECT to a certain extent. In this chapter
we will discuss the utility of PET-CT at diagnosis, during
therapy in limited and advanced stage, at the end of
therapy and in monitoring of response during post therapy
period.

19

Staging:
PET/CT is a more sensitive imaging modality than other
techniques at detecting disease sites in patients with
Hodgkin’s Lymphoma (HL) during initial staging . The
increased sensitivity of PET and PET/CT theoretically
improves the accuracy of staging .PET/CT identifies 25%30% more lesions as compared to conventional methods
thus can lead to upstaging of the disease and alteration of
therapy. However utility of such information may be
limited as most of the patients do receive systemic therapy.
For example, if a patient with advanced-stage Hodgkin
lymphoma (stage III or IV) is to be treated with an extended
course of chemotherapy, the number of involved sites may
not alter the treatment. Conversely, if radiation is a part
of the planned treatment, as is common with limited-stage
Hodgkin lymphoma, PET/CT scanning may guide the
design, shape, and dosimetry of involved field or involved
nodal radiotherapy even in the absence of upstaging.
Therefore, it remains essential to consider the context in
which the PET/CT scanning is being contemplated.
Presently, using only CT scanning, patients with goodprognosis, limited-stage Hodgkin lymphoma have a > 95%
likelihood of cure with brief chemotherapy and involved
field radiation
because systemic control of
micrometastatic disease is provided by the chemotherapy
and local control is provided by the radiation. Such patients
are at risk of overtreatment if upstaged solely on the basis
of PET/CT scanning, which may lead to their being given
an extended course of chemotherapy. To conclude PET/
CT scan for staging is recommended only in patients with
equivocal CT findings and in cases with difficult radiation
field planning. (Level of evidence III)
20

Interim response assessment:
Limited stage disease:
Presently the available treatment options patients with
limited stage and favorable risk disease can have >95%
cure rates. Interim response evaluation thus can provide
an opportunity to limit the treatment in patients who
achieve complete response and thus limiting the late
toxicity. This has been evaluated in several trials. The
National cancer Institute of Canada Clinical Trials Group/
Eastern Cooperative Oncology Group HD6 trial showed
that 50% of patients who reach a complete response by
CT after 2 cycles of ABVD can be given 2 more cycles and
can have very high cure rates without radiotherapy. Those
with only a partial response after 2 cycles of ABVD have
an 80% likelihood of cure with continuation of ABVD,
raising the question of whether the 20% who are destined
to relapse despite continued chemotherapy might be
identified with functional imaging and could therefore be
offered radiotherapy instead. Results from 8 different
treatment centers or groups examining experience in over
1100 patients, demonstrate the excellent negative
predictive value of PET/CT scanning for such patients. After
2 or 3 cycles of ABVD, approximately 80% of patients quite
consistently reach a PET/CT– negative response and have
a 95% progression-free survival whether subsequently
treated with radiotherapy or additional chemotherapy.
However the house is divided on this issue as some people
give radiation to all patients after the 2 cycles thus have
no need for interim PET. Whereas others identify partial
responders after 2 cycles of ABVD with PET/CT and give
radiation to this select group. This strategy is currently
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being tested in prospective clinical trials. Such trials,
however, will need to be carefully interpreted. Using a
negative PET/CT to identify a group of patients who can
be managed without radiotherapy will lead to a lower
progression-free survival than if those patients were
switched to radiotherapy. However, a modestly lower
progression-free survival may be quite acceptable to avoid
putting the entire population at risk of late toxicity of
radiotherapy, knowing that highly effective secondary
treatment is available for the small number who will
relapse. (Level of evidence III)
Advanced stage disease:
Several initial observations suggested that interim PET/
CT after 2 cycles of chemotherapy could strongly predict
treatment outcome for patients with advanced-stage
Hodgkin lymphoma and eliminated the impact of known
clinical prognostic factors was greeted with great
excitement. However, subsequent observations have
tempered this enthusiasm. The major limitation is how to
interpret interim scans and it has lot of inter-interpreter
variability and treatment outcomes have not shown strong
dependence on negative or positive PET/CT. Thus at
present PET-CT cannot be recommended as the standard
of care as interim response assessment in this subgroup
of patients (Level of evidence II).

End of therapy response evaluation:
Patients with complete response on CECT after therapy
do not need any further imaging or therapy. However in
patients with residual masses on CT scanning at the end
of therapy, there is always a dilemma between fibrotic or
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necrotic residual lesion versus active disease. The
management and prognosis of these patients differ
remarkably. Thus functional imaging is of great help in such
patients.
PET/CT scan is very helpful in distinguishing between
persistent fibronecrotic scar tissue and potentially viable
neoplastic tumor. A residual mass that is negative by PET/
CT scan is quite unlikely to harbor persistent lymphoma,
and a patient with such a mass can be judged to have
reached a complete response. Treatment can be stopped
because it is not unreasonable to extrapolate from
previous CT scan– based observations that adding
radiation after a complete response has been achieved
with chemotherapy is of no proven value. German Hodgkin
Study Group in their HD15 trial have shown that the 5year progression-free survival was 92% in 540 patients
with a negative PET/CT scan after a full course of
chemotherapy. This observation even seems to be
accurate in patients who had bulky disease at diagnosis.
This strong negative predictive value of PET/CT scanning
after chemotherapy for advanced-stage Hodgkin
lymphoma provides practical guidance, indicating that
treatment can be stopped and additional radiation or
chemotherapy is unnecessary (Level of evidence III).
However management of those with positive PET-CT at
the end of therapy has not been very clearly defined.

Monitoring of relapse post therapy:
There is no clear evidence to support that early detection
based on the PET/CT has superior outcome as compared
to patient/ physician detected relapse. In addition false
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positive scans can increase the chance of unnecessary
biopsies and other invasive procedures. Therefore at
present PET-CT scan has no definite role in follow up of
treated patients with HL. (Level of evidence III).

Pre-transplant response assessment:
In patients with relapsed –refractory disease salvage
chemotherapy followed by autologous stem cell transplant
remains the treatment of choice. PET/CT after salvage
chemotherapy has been shown to be strongly prognostic
in this situation and has been advocated as a screening
test to determine whether high-dose chemotherapy
should be offered. However, PET/CT scanning has not been
found sufficiently accurate in predicting outcome for such
patients to be considered adequately reliable. Although a
positive PET/CT scan immediately before the high-dose
chemotherapy does predict a lower likelihood of cure, at
least 7%-56% of patients with a positive scan remain free
of subsequent relapse in the studies that have been
reported. With no alternative reliably curative treatment
available, it would not be prudent to abandon high-dose
chemotherapy for these patients. At present, post-salvage
chemotherapy assessment of response using PET/CT
cannot be recommended to screen patients for
subsequent high-dose chemotherapy outside of clinical
trials (Level of evidence III).
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Prognostic Factors in Early and
Advanced Hodgkin’s Lymphoma

Patients with Hodgkin’s Lymphoma (HL) are usually
assigned early stage favorable, early stage unfavorable
(intermediate) and advanced stage risk group. Despite high
cure rates, clinical course HL is highly variable. Also, this
unusual success rate has inevitable burden of under and
over treatment of substantial proportion of patients.

Prognostication:
Despite the achievements of the last 30 years, the ability
to predict the course of HL for a specific patient remains
limited. A major historic step toward prognostication of
outcome was the adoption of staging classification
established by a consensus workshop at Ann Arbor in
1971. In 1988, a meeting in Cotswalds area of England
proposed a modification to Ann Arbor system,
incorporating number of involved sites and extent of bulky
disease. However, these recommendations have not been
universally adopted. Although tumor stage remains the
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backbone of clinical evaluation of HL, a plethora of other
prognostic factors have been investigated and combined
in various prognostic scores or numerical indices to
improve prognostication.

Interactions of prognostic factors and
treatment strategies:
The outcome of patients with HL obviously does not
depend on prognostic factors alone but also on the therapy
employed. Prognostic differences are influenced only
marginally by minor treatment variations. Propositions
concerning prognostic factors are intended to apply to an
‘average’ state of the art treatment.

Types of prognostic factors:
Prognostic factors may be grouped into patient related
and tumor- related. Tumor related prognostic factors
describe the type of tumor, pattern and size of
involvement, growth kinetics, and consequences of tumorrelated cytokines. Patient related prognostic factors
describe the ability of patient to undergo treatment and
include mainly age, performance status, and, to a certain
extent, gender. Risk of disease progression and patient’s
reserve to tolerate treatment are aspects to be considered
separately when choosing a treatment strategy.

Prognostic Factors in early stage disease:
In the era when patients were staged with laprotomy and
splenectomy to select patients suited for radiotherapy
alone, the anatomic extent of disease was prognostically
important. From early studies it is evident that the number
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of involved regions and size of mediastinal disease, B
symptoms, histological subtype, gender, ESR, hemoglobin
and serum albumin are prognostically significant. The
prognostic significance of Extra nodal lesions is
controversial, partly because of disagreement regarding
the distinction between Extra nodal lesions and stage IV
disease.
Today, as patients are no longer staged with laprotomy,
additional factors providing an indirect measure of the
total tumor burden and possibly also the growth
characteristics of the tumor become relevant. Recent
studies show that prognostic factors in patients treated
with combined modality therapy do not differ from the
factors in patients treated with radiotherapy alone. Table
1 lists the prognostic factors in early stage HL used by
different study groups.
Studies using CT and FDG-PET scans have confirmed the
pivotal prognostic role of the total tumor burden. Fig 2
shows time to treatment failure for patients with stage I
and II disease according to whether their mean tumor
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burden normalized to body surface area (rTB) was below
or above the mean value for stage.
Figure 2 Time to treatment failure curves for 46 patients
with stage I and 201 patients with stage II disease divided
according to whether their mean tumor burden
normalized to body surface area (rTB) was below or above
the mean value for each stage.
Table 1: Prognostic factors in early stage HL used by different
study groups.
Study group

Early stage (stages I or II without any of the
listed risk factors)

EORTC

Age >50
4+ involved nodal sites
ESR >50 mm/h or B-symptoms and
ESR >30 mm/h
Bulky mediastinum (mediastinal thoracic
ratio ³0.35)
(Infradiaphragmatic disease)

GHSG

Large mediastinal mass (>0.33 of the thoracic
aperture)
Massive spleen involvement
E-lesions
ESR >50 mm/h or B-symptoms and
ESR >30 mm/h
3+ involved lymph-node areas

SWOG /CALGB

B-symptoms
Mediastinal mass ³1/3 maximum thoracic
diameter
Infradiaphragmatic presentation

NCI-C

B-symptoms
Mixed cellularity or lymphocyte depletion
Age >40 years
ESR >50 mm/h
4+ disease sites
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The early interim FDG – PET scan after one or two cycles
of chemotherapy had been shown to be highly predictive
of outcome after combined modality treatment. But there
is a methodological problem with this test, as the result
of scan is not known at the outset and it should be
regarded more as a predictive factor rather than
prognostic factor.

Prognostic factors in advanced disease:
Two very large studies have looked at prognostication of
advanced stage Hodgkin’s Lymphonma i.e. the
international database on Hodgkin’s Lymphonma and
international prognostic factors project on advanced HL.
Important prognostic factors are shown in table 2.
The most important of them is age. Multiple factors like
increasing prevalence of co-morbidities, the risk of
treatment- related mortality and toxicity, frequent need
of treatment reductions, unfavorable histological subtypes
and compromised results of salvage treatment. About two
thirds of advanced stage patients are men. Male gender
is an independent, although quantitatively moderate
adverse prognostic factor within advanced stages. The
histological subtypes play a minor role among the tumor
related prognostic factors. Some studies report mixed
cellularity or lymphocyte depletion subtypes as
unfavorable prognostic factors, whereas several other
studies fail to confirm it. The prognostic relevance of
grading the nodular sclerosis subtype remains
controversial. Unfavorable subtypes are correlated with
male gender, age, lack of mediastinal involvement, stage,
systemic symptoms, and related abnormal blood
parameters.
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Table 2 Prognostic factors in advanced Hodgkin lymphoma
Age

Stage IV disease

Gender

Tumor burden

Histology

Inguinal involvement

Very large mediastinal mass

Low serum albumin

B-symptoms

High ESR

Anemia

High serum alkaline phosphatase

Leukocytosis

High serum b2-microglobulin

Lymphocytopenia

Early interim FDG-PET scan

High serum lactic
dehydrogenase (LDH)

The principle that tumor burden is the main determinant
of prognosis also holds for advanced disease. Number of
involved areas, the amount of tumor in the spleen and
the subdivision of stage III are all surrogates for tumor
burden which were established as prognostic in an era of
pathological staging and radiotherapy alone. Regional
inguinal involvement may be seen as a surrogate marker
for maximal nodal spread and was reported as an
independent prognostic factor. Very large mediastinal bulk
(e.g. > 0.45 of thoracic aperture) has been reported as an
adverse prognostic factor.
Decreased serum albumin and hemoglobin levels as well
as an elevated ESR or alkaline phosphatase are correlated
with one another as well as with the presence of B
symptoms and tumor burden. Serum albumin and
hemoglobin level singles out as the most informative
prognostic factors in advanced HL. Given hemoglobin and
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albumin, the other members of this cluster, particularly B
symptoms, lose their independent prognostic impact.
Stage IV marks dissemination of disease to extra nodal
sites and has independent prognostic value within
advanced disease. It remains controversial whether a
specific organ involvement site carries a particularly bad
prognosis within stage IV. Bone marrow involvement was
an adverse factor in some studies, but not in others. Pleura,
lung or liver involvement have been reported as
prognostically unfavorable, though inconsistently. The
number of involved extra nodal sites has been reported
to be independently prognostic, but this could not be seen
in the international prognostic factors project.
Leukocyte and lymphocyte counts form a second
correlation cluster of laboratory parameters. Analyzing the
joint distribution of leukocyte and lymphocyte counts in
advanced HL, there is a simultaneous shift away from the
normal pattern toward both leukocytosis and
lymphocytopenia that carries independent prognostic
impact. These relatively unspecific measurements may
indirectly capture dysregulation of hematopoiesis due to
cytokine release by Hodgkin’s lymphoma cells. Serum LDH
plays a lesser role in HL than in aggressive Non Hodgkin’s
lymphomas. Elevated serum LDH was found by some
group, but was not confirmed in large data sets. The
relevance of elevated beta-2 microglobulin is controversial.
Many biological parameters such as levels of cytokines
released by Hodgkin and Reed-Sternberg cells, soluble
forms of membrane derived antigens and molecular
markers have been investigated for prognostic value. Many
of these studies have been done in rather small data sets.
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The soluble form of CD 30 molecule, released by Hodgkin
and Reed – Sternberg cells maintains independent
prognostic significance in multivariate analysis in
moderately sized data sets.
An early interim FDG-PET scan after one or two cycles of
chemotherapy has been shown to be highly predictive of
clinical outcomes in advanced Hodgkin’s lymphoma over
shadowing the role of international prognostic score(IPS).

Prognostic indices or scores in advanced HL:
Prognostic indices are needed to tailor treatment to
individual patient. Gobbi et al. developed a parametrical
model to derive numerical estimates of expected survival
in all stages based on 5023 patients in both early and
advanced stages from the international database on
Hodgkin’s disease. Seven factors were incorporated: stage,
age, histology, B symptoms, serum albumin, sex, and
involved area distribution (infra diaphragmatic disease or
more than three supra-diaphragmatic areas).They were
treated heterogeneously with radiotherapy alone or
mainly MOPP type chemotherapy with or without
radiotherapy. The international prognostic factors project
on advanced HL focused on freedom from progression.
Individual patient data were collected from 23 centers or
study group on 5141 patients diagnosed as having
advanced stage HL and treated with doxorubicin containing
chemotherapy with or without radiotherapy according to
defined protocol. A prognostic score (summarized in Table
3) as developed from this data set in patients up to 65
years of age. The IPS predicts 5 year tumor control rates
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in the range of 45- 80%. Each additional factor reduces
the prognosis by about 8%. Figure 5 shows freedom from
progression according to number of adverse prognostic
factors for 1618 patients in the international prognostic
factors project on advanced Hodgkin disease. IPS also
predicts outcome after autologous hematopoietic stem
cell transplantation. It is moderately predictive in early and
intermediate stages, extending the factor stage IV to
include any extra nodal disease.
Table:3Adverse prognostic factors incorporated in the
International Prognostic Factors Project score for freedom
from progression in advanced Hodgkin disease
Age more than 45 years
Male gender
Stage IV disease
Hemoglobin <10.5 g/dL
Serum albumin <4.0 g/dL
Leukocytosis 15 × 109/L
Lymphocytopenia <0.6 × 109/L or <8% of white blood cell count

Prognostic factors for outcome after relapse:
In patients relapsing after initial treatment, the extent and
duration of the initial remission is the most important
prognostic factor. Patients who never achieve complete
remission have an extremely poor prognosis, patients who
relapse within 12 months of complete remission have an
intermediate prognosis, and patients who relapse more
than 12 months after achieving complete remission have
the best prognosis. But even for the latter, long tem
outlook is poor with conventional chemotherapy. Patients
in second or higher relapse also have a dismal prognosis.
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Figure 5: Freedom from progression according to the number
of adverse prognostic factors (see table 4) for 1618 patients
with advanced disease in the international prognostic factors
project.

Outcome after relapse is also influenced by the nature of
first line treatment. Patients relapsing after radiotherapy
have better outcome than others. A subgroup of patients
relapsing after chemotherapy have anatomically limited
relapse in nodal sites alone. For selected patients in this
subgroup, radiotherapy with or without additional
chemotherapy offers some chance of durable remission.
Prognostic factor analyses indicate that patients suitable
for this kind of relapse treatment are those relapsing
exclusively in supra-diaphragmatic nodal sites, with no B
symptoms at relapse, with favorable histology
(lymphocyte predominant or nodular sclerosis), and after
a disease free interval of 12 months or more. In patients
with these favorable characteristics durable remission with
radiotherapy may be achieved in up to 50 % of cases.
35

Predictors of outcome for relapsed HL with
High- dose chemotherapy and stem cell
transplantation:
The chemosensitivity of the disease is most important.
Hence the response to the initial or salvage therapy, the
duration of initial remission and the number of prior failed
regimens have been shown to be important for outcome.
The disease burden before transplantation is another
important prognostic factor and measures reflecting tumor
burden such as stage of disease and bulky or extra nodal
disease at salvage have been shown to be independently
significant. B- Symptoms, low hemoglobin, and an elevated
serum LDH at relapse are also significant as is poor
performance. Age has not been significant in most series,
probably due to the fact that most patients are relatively
young at transplantation.
Application of IPI to patient planned for transplant showed
only low serum albumin, anemia, age> 45 and
lymphocytopenia to be of independently prognostic
significance. Interim PET-CT after few cycles of salvage
chemotherapy appears to be predictive, but further
research is needed.
The prognostic factors known to be independently
significant for outcome after high dose chemotherapy and
stem cell transplantation are shown in Table 4.

Conclusion and future aspects:
Large numbers of variables have been shown to possess
prognostic significance in HL, both at presentation and in
the relapse situation. Although the total picture is
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Table: 4 Prognostic factors for outcome after high-dose
chemotherapy and stem cell transplantation for refractory or
recurrent disease
Chemosensitivity of the disease
Response to initial or salvage therapy
Duration of initial remission
Number of failed prior regimens
Early interim FDG-PET scan
Disease burden before salvage
Stage of disease at salvage
Bulky disease at salvage
Extranodal relapse
B-symptoms at relapse
Hemoglobin at relapse
Serum LDH at relapse

bewildering, it has certain general trait. The major
determinant of outcome remains tumor burden. In the
setting of relapse, time to first chemotherapy reflects the
specific aggressiveness and regrowth velocity of disease
thereby providing important prognostic information for
individual patient. The introduction of functional imaging
with FDG-PET very early in the treatment as a prognostic
marker opens up new possibilities for tailoring treatment,
but further research is needed before it is implemented
for routine use to determine treatment intensity. Joint
international effort is needed to better define the
prognostic factors in HL.
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Management of Early Stage
Hodgkin’s Lymphoma

Introduction
Vera Peters, in 1950, was the first physician to present
definitive evidence of curability of early stage Hodgkin’s
disease. He reviewed the records 113 patients treated at
the Ontario Institute of Radiotherapy from 1924 – 1942
and reported 10 year survival rates of 79% for stage I
Hodgkin’s disease using high dose fractionated extended
field radiation therapy. The policies for treatment of
Hodgkin’s disease have undergone continuous changes
over the last 4-5 decades. These changes have been
brought about by a) better understanding of the natural
history of the disease b) better understanding of the
behavior of the different histological subtypes
c) identification of new prognostic factors d) development
of better radiation therapy techniques and treatment
delivery machines d) development of effective and less
toxic chemotherapy regimens and e) the availability of long
term results of patients treated for Hodgkin’s disease.
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Historically since the 1960’s the treatment of Hodgkin’s
disease had been based on the stage of disease. With the
identification of prognostic factors, often independent of
stages, the current treatment protocols are based on the
presence or absence of these important prognostic factors
apart from the stage of disease. Data from trials of nonlaparotomy staged patients in 1970’s and 1980’s largely
collected from patients treated with mantle radiation
alone or subtotal nodal and splenic irradiation, allowed
for selection of early stage patients with favorable and
unfavorable prognostic features. These prognostic factors
varied from one center to another, but generally were
based on age, sex, number of sites involved, ESR, systemic
‘B’ symptoms and bulky mediastinal disease. The
identification of these newer prognostic factors having
independent prognostic influence on outcome led to the
further sub classification of stage I&II disease into those
with favorable and unfavorable prognosis for treatment
purposes. (Table 1)
Table 1.
Early Stage
EORTC

Risk Factor

Bulky Mediast. Mass
Age ≥50 yrs
Elevated ESR
B Symptoms
≥ 4 nodal regions
GHSG
Bulky Medist. Mass
Elevated ESR
B Symptoms
≥ 3 nodal regions
ECOG & NCI-C Histology (MC, LD)
Age ≥ 40 yrs
Elevated ESR
B Symptoms
≥ 4 nodal regionsk
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Treatment Group
Fav: St. I-II without risk factors
Unfav: St. I-II with risk factors

Fav: St. I-II without risk factors
Intermed: St. I-IIA with risk factors
Unfav: St. IIB with Elevated ESR
Fav: St. I-II without risk factors
Unfav: St. I-II with risk factors

Increasing concern for long-term consequences of
treatment has prompted many investigators to re-examine
the aggressive approaches developed for staging and
treatment of early stage Hodgkin’s disease in the 1970’s
and 1980’s. Many of the ongoing or recently concluded
studies were conducted in an attempt to reduce the longterm complications of treatment without compromising
its efficacy. These include studies that:
1.

Evaluate radiation therapy alone and study reduction
of radiation dose or reduction of radiation field size.

2.

Evaluate combination chemotherapy alone.

3.

Evaluate combined radiation therapy and
chemotherapy and attempt to identify the optimal
chemotherapy regimen, identify the optimal number
of cycles of chemotherapy, or determine the optimal
radiation volume and dose when combined with
chemotherapy.

CHEMOTHERAPY + RADIATION THERAPY
The EORTC H1 trial [1964-1967] was one of the first
randomized clinical trial to evaluate the role of
chemotherapy in early stage Hodgkin’s disease. Patients
were randomized to receive Mantle field RT alone versus
the same treatment followed by weekly Vinblastine for 2
years in patients with clinical stage [CS] I and II Hodgkin’s
disease. The 15 years results showed no advantage in
relapse free survival (62%) for Mantle irradiation and
Vinblastine compared to Mantle irradiation alone; no overall survival differences were seen. However, recent
updated data of EORTC trials now show that long-term
survival is also significantly inferior in the mantle
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irradiation alone arm. Both arms were associated with high
recurrence rates, but the very high recurrence rates [60%]
after Mantle irradiation alone in the unselected CS I and II
patients resulted in a late loss in survival.
Metaanalysis of 13 randomized clinical trials compared
treatment with multiagent chemotherapy and radiation
therapy to radiation therapy alone in early stage Hodgkin’s
disease. At 10 years the relapse free survival was 67% and
85% (p=0.00001) respectively for patients receiving
radiation therapy alone and patients receiving radiation
therapy and multiagent chemotherapy. Subgroup analysis
taking into account the patient’s age, sex, stage of disease,
and the use of staging laparotomy showed similar results.
The 10-year actuarial overall survival rate was 76% in
patients treated with radiation therapy alone and 79% in
patients receiving radiation therapy and chemotherapy
(p=0.07). The lack of difference in the overall survival rates
between the two groups was attributed to the effective
salvage of relapses in the radiotherapy alone arm with
chemotherapy that was effective enough to minimize the
impact of relapse on survival. In addition the increased
relapse rates in the group receiving radiation therapy alone
was balanced by the increased treatment related mortality
(cardiac, second malignancies) in patients receiving
radiation therapy and chemotherapy (6% increase in nondisease specific deaths in patients receiving radiation
therapy and chemotherapy). Most patients in these trials
in the metaanalysis received MOPP chemotherapy. These
results may not apply to current clinical practice, which
involves the use of ABVD chemotherapy, which is more
efficacious and less toxic than alkylating agent based
regimens.
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Trials have been conducted to identify the optimal number
of chemotherapy cycles and the optimal radiation field
and dose in the regimens using multiagent chemotherapy
and radiation therapy. The HD-1 trial of the GHSG tested
the value of 40Gy vs. 20Gy to areas with possible subclinical involvement after treatment with 2COPP/2ABVD
courses. The results suggested no relevant radiotherapy
dose effect in the range between 20-40Gy in non-bulky
involved as well as in uninvolved areas. The GHSG HD7
(1994-1998) trial compared RT alone (STLI-spleen: 30Gy
+ IFRT: 40Gy) versus ABVD x 2 + RT (same as the other
arm) in 643 patients with favorable prognosis stage I & II
Hodgkin’s disease. After a median follow up of 22 months
analysis of results revealed freedom from treatment failure
of 87% and 96% (p=0.05) respectively in the groups
receiving RT alone and RT + chemotherapy. There was no
significant difference in the overall survival between the
two treatment groups (97% vs 98%). There were a few
important issues raised by the GHSG HD7 trial 1) Is the
small added benefit of 2 cycles of ABVD worth the extra
risk of pulmonary and cardiac complications from
Adriamycin and Bleomycin 2) Is it more difficult to salvage
relapse after ABVD x 2 + RT versus relapse after RT alone
3) Do patients who relapse after ABVD x 2 + RT require
high dose chemotherapy and stem cell rescue more
frequently than those after standard chemotherapy?
These questions can be answered only after much longer
follow-up. The question that needs to be addressed is
whether it is possible to reduce the extent of radiation
therapy portal and the total radiation dose along with
reduction in the number of cycles of chemotherapy
without compromising the freedom from treatment failure
and overall survival. To address this issue the GHSG HD10
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trial was started in 1998. Patients with stage I and II
favorable prognosis Hodgkin’s disease are randomized into
4 arms: a) ABVD x 2 + IFRT (30Gy) b) ABVD x 2 + IFRT
(20Gy) c) ABVD x 4 + IFRT (30Gy) d) ABVD x 4 + IFRT (30Gy).
The EORTC H9F trial is evaluating 36Gy, 20Gy, or no
radiation to involved sites in patients who have achieved
complete remission after six cycles of EBVP. The results of
these studies are highlighted in Table 2.

CHEMOTHERAPY ALONE VERSUS RADIATION
THERAPY ALONE
Efficacy of radiotherapy alone depends on the extent of
irradiation. Early reports by Kaplan and Peters
demonstrated that radiation therapy only given to the
involved site(s) results in unacceptably high rates of relapse
in adjacent (or remote) sites. With the help of this
information, Kaplan pioneered the use of large supradiaphragmatic [mantle] or infra-diaphragmatic [inverted
‘Y’] fields with the dramatic improvements in control and
cure rates. Thus, most randomized trials and institutional
protocols developed in the 1960’s and 1970’s used large
extended radiation fields often treating nodes both above
and below diaphragm.
The first published clinical experience in the use of
chemotherapy alone in early stage Hodgkin’s disease came
from Uganda where radiation therapy was not available.
Based on this study and a few other retrospective studies
reported, two prospective randomized trials were
conducted. The Italian trial randomized 89 patients with
pathologically staged IA-IIA to STLI (splenic irradiation)
alone versus MOPP x 6 cycles. The 8 year progression free
44
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4 ABVD + STNI 30Gy (36-40Gy)
4 ABVD + IFRT (36-40Gy)

2 ABVD + IFRT 30Gy
2 ABVD + IFRT 20Gy
2 ABVD + IFRT 30Gy
2 ABVD + IFRT 20Gy
6 EBVP + IFRT 36Gy
6 EBVP + IFRT 20Gy
6 EBVP

Milan Group

GHSG HD 10

EORTC/ GELA H9F

Treatment

Trial

4 yr FFTF
87%
84%
70%

12 yr EFS
87%
91%
2 yr EFS 96.6%

Outcome

4 yr OS
98%
98%
98%

12 yr OS
96%
94%
2 yrOS
98.5%

OS

Table: 2 – Recent Randomized trials for Early Stage Favorable Hodgkin’s Lymphoma
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Treatment

6 MOPP/ABV + IFRT (36-40Gy)
4 MOPP/ABV + IFRT (36-40Gy)
4 MOPP/ABV + STNI (36-40Gy)

2 COPP/ABVD + EFRT 30Gy
2 COPP/ABVD + IFRT 30Gy

6 EBVP + IFRT 36Gy
6 MOPP/ABV + IFRT 36Gy

4 ABVD + IFRT 30Gy
4 ABVD + IFRT 20Gy
4BEACOPP + IFRT 30Gy
4 BEACOPP + IFRT 20Gy

Trial

EORTC-GELA H8-U

GHSG HD 8

EORTC-GELA H9U

GHSG HD-11

4 yr TFFS
89%
92%
92%
% yr FFTF
86%
84%
10yr EFS
68%
88%
FFTF 89.9%

Outcome

4 yr
90%
94%
92%
5 yr
91
92
10 yr
79%
87%
OS 97.4%

OS

Table: 3 – Recent Randomized trials for Early Stage Unfavorable Hodgkin’s Lymphoma

survival was 76% in the RT arm and 64% in the
chemotherapy arm (p=0.05).
In the NCI study included patients with pathological stage
IA/B and IIA/B disease without large mediastinal disease.
patients were randomized to STLI versus MOPP x 6 cycles.
The 10-year freedom from relapse was 67% and 82%
(p=0.27) respectively in patients receiving radiation
therapy alone and chemotherapy alone. The 10 years
overall survival was 85% and 90% (p=0.68) respectively
for the groups receiving radiation therapy alone versus
chemotherapy alone. Both these studies demonstrated
greater acute toxicity in the group receiving MOPP
chemotherapy.
The NCI HD6 study was a modification of the Italian and
American studies. They included patients who were
clinically staged, and used ABVD chemotherapy. Patients
are randomized between STLI / Inverted “Y” alone versus
ABVD x 4-6 cycles.
Specht et al reported on the influence of radiation field
size on the long-term outcome in early stage Hodgkin’s
disease in a metaanalysis of eight randomized controlled
trials. These trials evaluated the role of more extensive
radiation therapy portals (e.g. subtotal mantle, total nodal
irradiation etc) to less extensive radiation therapy portals
(e.g. mantle, mini mantle, involved field radiation etc). The
results of studies comparing more versus less extensive
radiation therapy portals revealed that at the end of 10
years, the risk of recurrence was 43% for patients treated
with less extensive radiation compared to 31% for patients
treated with more extensive radiation therapy
47

(p=0.00001). Subgroup analysis taking into account the
patient’s age, sex, stage of disease, and the use of staging
laparotomy showed similar results. The 10-year actuarial
overall survival rates were 77% in both groups (p=0.1).
The lack of difference in the overall survival rates between
the two groups could be attributed to the effective salvage
of relapses with chemotherapy that was effective enough
to minimize the impact of relapse on survival. In addition
the increased relapse rates in the group receiving less
extensive radiation was balanced by the increased
treatment related mortality in patients receiving more
extensive radiation therapy.

TOXICITY:
Acute cardiac toxicity has almost disappeared with the
advent of modern technical improvements in radiation
therapy. Mediastinal radiation is associated with an
increased risk of cardiac mortality, mainly due to an
increased risk of lethal acute myocardial infarctions, which
has been shown in several large studies. A relative risk of
2.2 and absolute risk of 9.3 per 10,000 person years has
been reported in the analysis of 792 patients from the
Harvard Joint Center for Radiation Therapy. A similar
cardiac risk amongst patients treated before 20 years of
age has, also been reported by the EORTC Lymphoma
Group and Stanford Group . When the mediastinum is
irradiated, the use of modern radiotherapeutic techniques
should be used to minimize the volume of heart irradiated,
thereby reducing the risk of cardiac mortality. In addition,
strategies that use combined chemo-radiation and IFRT
should help spare large volumes of the heart from high
dose radiation.
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With improvement in the cure of Hodgkin’s disease, the
incidence of treatment related mortality has also
increased. The Stanford experience shows that fifteen
years after diagnosis of diagnosis, the mortality from
causes other than Hodgkin’s disease exceeds that due to
Hodgkin’s disease. The major causes of such late deaths
were due to second malignancies like acute nonlymphoblastic leukemia, secondary NHL, lung cancer,
breast cancer, stomach cancer, and sarcomas of bone and
soft tissue.
The excess risk of secondary leukemia after HD has been
mainly linked to the use of alkylating agents. Some authors
have reported that EFRT in combination with CT is
associated with increased risk of leukemia. In contrast,
radiation therapy has been shown to play a significant role
in the development of second malignancies. A significant
increase of the relative risk of second lung, breast, thyroid
and digestive cancers has been demonstrated from a large
number of studies.

CURRENT EVIDENCE BASED GUIDELINES:
1)

Early Stage Unfavourable (Level I Evidence)
ABVD x 4 Cycles + IFRT
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2)

Early Stage Favourable (Level I Evidence):
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Management of Advanced Stage
Hodgkin’s Lymphoma

Introduction
Early stage Hodgkin’s Lymphoma has a 90% cure rate with
current treatment. Radiotherapy and combination
chemotherapy are both proven treatment modalities for
this disease. However, what becomes optimal choice of
treatment or what combinations chemotherapy remains
still debatable. Recent trials have reported excellent results
with combined modality therapy in early stages of
Hodgkin’s Lymphoma. The use of chemotherapy regimen
particularly those using alkylating agents that increase risk
of both infertility and secondary malignancies have been
largely avoided. In intermediate stages new chemotherapy
regimen (i.e., BEACOPP) offers the chance of reducing the
fraction of patients with initial treatment failure, while also
reducing the extent of radiotherapy.
On the contrary advanced HL (defined as presented with
bulk > 10 cm, the presence of B symptoms and/or stage
III/IV disease) has typically been associated with failure
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rates as high as 30% to 40% with anthracycline based
polychemotherapy. Patients are designated as having
advanced unfavorable Hodgkin lymphoma (HL) if they have
clinical stage III or stage IV disease and four or more risk
factors on the International Prognostic Index for HL, which
corresponds to a freedom-from-progression at worse than
50% at 5 years with combination chemotherapy. Trials
have systematically evaluated multi-agent chemotherapy
regimens and the use of consolidation strategies with a
focus on improved disease control. Ever since the
introduction of the MOPP-regimen by DeVita and the
ABVD-regimen by Bonadonna, these chemotherapy
protocols are standard therapies for advanced stages.
However, 50% of patients with advanced stages failed
initial treatment programs, and the prognosis in these
treatment failures were poor. With the introduction of the
escalated BEACOPP regimen suggested that outcomes in
advanced stages could be positively influenced by
intensification of therapy. Currently conventional
chemotherapy yields tumour control (FFTF) and survival
5 years after treatment at around 55% and 75%,
respectively. Thus several strategies are being explored in
last three decades to optimize outcomes.

Prognostic factors in advanced Hodgkin’s
Lymphoma
The prognosis of patients with Hodgkin’s Lymphoma
depends on clinical presentation at the time of diagnosis.
Staging according to the Cotswold’s modification of Ann
Arbor classification and other prognostic factors have been
used to stratify patients into early, intermediate and
advanced stages. Several groups have tried to define new
prognostic factors which have been have been partly
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confirmed by other groups in independent studies.
Currently, the International Prognostic Factor Project (IPF),
validated from retrospective data of more than 5000
patients with advanced Hodgkin’s Lymphoma is the most
accepted scoring system in advanced Hodgkin’s
Lymphoma. Patients with more than three adverse factors
have significantly worse prognosis with most current
regimens. It is noteworthy that even with the escalated
BEACOPP regimen there was no difference in tumor
control for the different prognostic groups, when applying
the IPF thereby undermining the perceived effectiveness
of the BEACOPP regimen.

Primary Therapy of Advanced Hodgkin
Lymphoma
Primary Chemotherapy
The treatment of advanced HL has been advanced and
refined through conduct of several large multicenter
randomized controlled trials (RCTs). There is consensus
that anthracycline-based chemotherapy with doxorubicin,
bleomycin, vinblastine and dacarbazine (ABVD) is the gold
standard because of its equivalent response rate and
progression-free survival (PFS) with favorable toxicity
profile compared with alternating MOPP/ ABVD or MOPP/
ABV hybrid chemotherapy.[Level of evidence 1A] Many
groups have developed alternate regimens for advanced
HL based on two principles namely, either incorporating
dose intensive/dose dense chemotherapy or using similar
approach which dose intensifies agents that with less
gonadotoxicity or leukemogenic potential. A summary of
recent RCTs in advanced Hodgkin lymphoma is provided
in Table 1.
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394

394

102

102

103

MDR

ABVD

BEACOPP

CEC

ABVD

84

83

91

68

67

NS

NS

89

94

76

96

88

85

76

80

CR %

FFS %

68

78

81 (5 y)**

75

75 (3 y)

74

76 (5 y)

78

81

54 (5 y)

87

76

69 (5 y)

63

66 (5 y)

84

91

92 (5 y)

90

88 (3 y)

90

92

90

89

82

91**

88

83

81

82

OS%

34**

48

54

56

65

56

NS

21

51**

29

98**

73

71

63.6**

74.6

Heme toxicity grade 3-4, %

46

43

44

38

40

38

53

62

47

66

71

71

64

0

0

RAD,* %

*Patients receiving radiotherapy on protocol **Statistically significant Chemotherapy regimens: As referenced in article, esc BEACOPP, escalated
BEACOPP
NS indicates not stated

259

261

ABVD

122

ABVD

Stanford V

107

106

MOPPEBVCAD

466

Esc BEACOPP

Mod Stanford V

260

469

BEACOPP

433

ABVD

COPP/ABVD

419

No. of patients

MOPP/ABV/

Regimen

Table 1. Randomized trials of chemotherapy in the treatment of advanced Hodgkin lymphoma.

The German Hodgkin Study Group (GHSG) developed the
BEACOPP regimens (bleomycin, etoposide, doxorubicin,
cyclophosphamide, vincristine, procarbazine, and
prednisone) based on principles of dose density/ intensity
and mathematical modeling. The GHSG HD9 trial was a
large (n = 1195 evaluable) randomized trial comparing
COPP/ABVD with BEACOPP and an escalated dose version
of BEACOPP (esc BEACOPP). The primary endpoint of the
trial was freedom from treatment failure (FFTF), defined
as progression during treatment, lack of complete
remission at the end of protocol treatment, relapse or
death. Escalated BEACOPP was shown to reduce rates of
early progression and resulted in a statistically significant
improvement in overall survival (OS) compared with COPPABVD but associated with increased hematologic toxicities
and increased infection although non-relapse mortality
was similar across all arms (7% for all patients in the trial).
The regimen appears to carry a risk of gonadal failure in
men and women that exceeds that reported for ABVD;
follow-up is too short with regard to differences in other
late effects such as cardiovascular complications and
second cancers. Taken together, these studies
demonstrate that BEACOPP is associated with higher
response rates and better rates of progression-free survival
than those seen with ABVD, but no improvement in overall
survival. [Level of evidence 1A] This was best illustrated
in a 2011 meta-analysis that included data from four
randomized trials with a total of 2868 adult patients with
newly diagnosed advanced stage or unfavorable early
stage HL. BEACOPP resulted in significantly longer
progression-free survival (hazard ratio 0.53; 95% CI 0.440.64), but no different in overall survival (hazard ratio 0.80;
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95% CI 0.59-1.09). BEACOPP was associated with
significantly more severe hematologic toxicity, infections,
and occurrence of myelodysplastic syndrome and acute
myeloid leukemia. The GISL HD2000 trial evaluated ABVD,
BEACOPP (4 cycles of esc BEACOPP and 2 cycles of
BEACOPP baseline) and CEC (cyclophosphamide,
lomustine, vindesine, melphalan, prednisone,
epidoxirubicin vincristine, procarbazine, vinblastine, and
bleomycin; COPPEBVCAD). With a modest accrual of 307
patients that limited statistical power, the trial failed to
discern a significant difference in OS between the arms
[Level of evidence 1D], although BEACOPP was shown to
have a significant advantage in PFS over ABVD. Once again,
BEACOPP was associated with higher rates of grade III-IV
hematologic toxicity and infection (anemia 16% vs. 5%,
neutropenia 54% vs 34% and infection 14% vs.
2%).Alternative multi-drug regimens have also been
evaluated. The UK LY09 trial evaluated ABVD in comparison
to two multi-drug regimens (ChlVPP/PABIOE and ChlVPP/
EVA). With a median follow-up of 52 months, the three
arms had no statistically significant differences between
them for event-free or overall survival.
The Stanford group developed Stanford V, a multi-agent
abbreviated (12-week) chemotherapy regimen designed
to intensify certain agents and de-escalate or omit more
toxic agents. Stanford V emphasizes radiation to sites of
bulky disease (at least 5 cm) and macroscopic splenic
disease with survival rates comparable to those with ABVD.
[Level of evidence: 1A] The Italian Intergroup published
a three-arm randomized trial of 355 patients that
compared a modified Stanford V regimen, MOPPEBVCAD
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and ABVD. While the Stanford V chemotherapy was not
modified, the radiation plan was limited to only two sites
of disease and was not administered in patients achieving
CR (91% patients in the Stanford series received radiation
compared with 66% in the Italian trial). The 5-year OS was
superior for ABVD over modified Stanford V (P = .04) with
no significant survival differences between the other arms.
The GHSG HD12 study, compares 8 cycles of esc BEACOPP
versus 4 cycles of esc BEACOPP followed by 4 cycles of
BEACOPP, while the second randomization has arms of
consolidative radiotherapy or observation. At the early
timepoint of 5 years and with 1571 eligible patients, OS
and PFS were not statistically different, but importantly
the TRM for all patients reached 5% (3% acute or salvage
treatment toxicity, 2% due to secondary cancers). The
Italian subgroup reported a smaller trial of 321 patients
comparing 4 cycles of esc BEACOPP followed by 4 cycles
of BEACOPP (the experimental arm of GHSG HD12) with
ABVD for 6 to 8 cycles. Second-line therapy was preplanned with the intent to deliver second-line
chemotherapy along with BEAM high-dose therapy and
ASCT.Three-year freedom from progression was superior
in the BEACOPP arm (87% vs. 71%, P = .01) while OS and
freedom from second progression were not statistically
different between the two arms. Six (4%) treatmentrelated deaths were seen in the BEACOPP arm (4 during
primary therapy and 2 during second-line treatment)
compared with 1 patient receiving ABVD. Thus the strategy
of dose intensifying primary chemotherapy improves
disease control but at the cost of acute toxicity; whether
late effects (particularly second cancers) eliminate any
potential survival advantage is questionable.
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Consolidation Post Primary Chemotherapy
An alternative strategy to altering the primary
chemotherapy for HL is to attempt to consolidate
response. Both high-dose chemotherapy and autologous
stem cell transplantation (ASCT) and radiation have been
tested in phase III trials as consolidation following primary
chemotherapy. The Scotland and Newcastle Lymphoma
Group HD3 trial compared 3 courses of a hybrid
chemotherapy regimen followed by ASCT with 5 courses
of hybrid chemotherapy.
Of 126 patients identified as high risk (using a prognostic
index including age, clinical stage, lymphocyte count and
hemoglobin), 65 (52%) of patients underwent
randomization and both groups had a similar time to
treatment failure (79% for the ASCT arm, 85% for the
chemotherapy arm, P = .35) with no significant difference
in OS. A larger European intergroup trial randomized
patients with unfavorable HL (defined as the presence of
two poor risk factors consisting of high serum LDH, large
mediastinal mass, greater than one extranodal site, low
hematocrit or inguinal involvement) who achieved a CR
or PR after 4 courses of ABVD (or similar) chemotherapy
to either ASCT or 4 cycles of conventional chemotherapy.
After a median follow-up of 48 months, the 5-year failurefree, OS and relapse-free survival rates were similar. The
trial concluded that there was no benefit for early
intensification with ASCT in patients with unfavorable
disease responding to anthracycline-based chemotherapy.
The GOELAMS trial conducted between 1997 and 2004
involving high-risk stage IIB-IV patients (defined as the
presence of at least 5 lymphoid sites, large mediastinal
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mass or at least 2 extranodal sites in stage IV disease).
This is a randomized phase II trial that compared FFTF
(primary endpoint) and OS in 158 patients (82 in the
VABEM arm, 76 in the ASCT arm) receiving an early
intensive non-myeloablative chemotherapy (VABEM:
vindesine, doxorubicin, carmustine, etoposide and
methylprednisolone) and ABVD for 4 cycles followed by
delayed myeloablative intensification (BEAM high-dose
therapy and ASCT). The 5-year FFTF (VABEM: 79%; ASCT:
75%) and OS (VABEM: 87%; ASCT: 86%) were not
statistically different given the lack of power.
Radiation is a more appealing consolidation therapy than
ASCT as it has less acute toxicity and has more potential
for general application. However, three prospective
randomized trials did not show a benefit in OS from the
addition of consolidative radiation therapy to
chemotherapy for patients with advanced-stage disease.
[Level of evidence: 1A] In a meta-analysis of 1,740 patients
treated on 14 different trials, no improvement was
observed in 10-years’ OS for patients with advanced-stage
HL who received combined modality therapy versus
chemotherapy alone. [Level of evidence: 3A] The EORTC
has reported the results of the most recent trial of
consolidative radiation. In this randomized trial, patients
achieving complete remission following MOPP/ABV hybrid
chemotherapy were randomized between involved field
radiotherapy and observation. Of 739 enrolled patients,
512 patients achieved a CR following chemotherapy and
were randomized while 227 patients were in partial
remission and received radiation. EFS and OS were similar
in both patient groups randomized at CR. There may be a
benefit in outcome in PR patients who went on to receive
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IFRT as part of protocol therapy as they appeared to have
a similar survival to the patients in CR. The GHSG HD15PET study24 was designed to assess the negative predictive
value of FDG-PET scanning after primary chemotherapy.
In the trial, patients with PET positive disease following
BEACOPP went on to receive consolidative radiotherapy;
311 patients with residual disease of at least 2.5 cm had a
PET scan, with the PFS at 12 months for PET-negative
patients being 96% and 86% for PET-positive patients (P =
.011, indicating the inferior PFS in PET-positive patients).
While HD15-PET is not a controlled trial, this is the only
large prospective trial evaluating PET and consolidative
radiotherapy and appears to confirm the benefit of
radiation in PR patients.

Conclusions
Clinical trials are addressing the role of more intensive
regimens for patients with advanced-stage disease and
poor prognostic factors. However the current
understanding is that intensive regimens may translate
into better remission rates and FFTF without an impact
on overall survival. Early dose intensification involves risk
for increased late toxic effects (such as leukemia) and there
is no real hard data to suggest whether ABVD can or should
be replaced by more intensive regimens. Currently high
dose chemotherapy and stem cell transplant is reserve
only for patients having a second relapse.
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Management of Pediatric
Hodgkin’s Lymphoma

Introduction:
Hodgkin Lymphoma (HL) is one of the most curable
malignancies in the pediatric age group. The cure rate in
HL has steadily increased over the last few decades.
Presently, a 30-year old survivor of HL is more likely to die
of therapy-related complications than from the disease.
Therefore, the therapeutic challenge has now shifted from
‘cure at any cost’ to decreasing treatment- related toxicity.
This new paradigm shift has shown the way to the current
risk-adapted, response-based approach in the treatment
of this condition. Pediatric HL peaks between 10 to 14
years of age, shows a considerable male predominance,
and is associated with increase in family size and lower
socioeconomic status.

Prognostic Factors and Risk Classification :
There is no uniformly agreed prognostic stratification in
pediatric HL. Since the treatment has improved
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significantly, many of the previously reported clinical
factors have lost their prognostic significance. The main
value of prognostic factors is for risk stratification and
delivery of risk-adapted therapy. This has led to
intensification of therapy for high-risk disease, and
minimizing treatment for children with low-risk
disease.The various risk categories used by major clinical
groups is outlined in Table 1. In general, these incorporate
stage of disease, disease bulk, and systemic (B) symptoms.
Table I. Risk Groups Used in Selected Trials of Pediatric HL
Study Group/Trial

Low Risk

Intermediate Risk

High Risk

German Multicenter
Studies

IA/B,IIA

IIB,IIIEA,IIIB

IIEB,IIIEA/B
IIIB,IVA/B

St. Jude/Stanford/
Dana Farber

IA/IIA
no bulk

IA bulk,IB,IIA bulk,
IIB,III,IV

Children’s Cancer
Group 5942

IA/B patients
no adverse
factors

IA/B patients with
adverse factors

IIA patients
no adverse
factors

IIA patients with
adverse factors,
II B.IIIA/B

IV



Adverse factors include hilar lymphadenopathy, >4 sites of nodal disease,
or bulky disease.
† Patients categorized as favorable or unfavorable risk

Radiotherapy
Before 1970s the overall survival was poor; usually children
with HL were treated with high dose radiotherapy (RT)
which resulted in a survival outcome of only 11%. The
factors responsible for these poor outcomes were high
relapse rate, solid second malignancies and fatal cardiac
complications. In view of the above poor results standarddose extended-field radiotherapy (EFRT) was used along
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with multi-agent chemotherapy to obtain better local and
systemic tumor control. The major side effects seen with
this combined modality treatment (CMT) were on growth
and skeletal development that led to further decrease in
radiation fields and radiation dose.
Low-dose (15-25 Gy) involved-field radiotherapy (IFRT)
was first used in North American trials and is now the
standard of care. IFRT has the benefit of minimizing growth
retardation and decrease the incidence of breast cancer
and thyroid dysfunction. However, IFRT alone is not a
sufficient treatment alternative in Pediatric HL. The United
Kingdom Children’s Cancer Study Group conducted a trial
in which stage I patients treated with radiotherapy alone
(35 Gy), had unacceptable higher relapse rate of 30%,
especially in mixed cellularity subtype.
Combination chemotherapy:
Before 1970, children with advanced HL were treated with
single agent chemotherapy and they had a very dismal
prognosis. As a result of this, various combination
chemotherapy regimens were tried and the combination
of nitrogen mustard, vincristine, procarbazine and
Prednisolone (MOPP) (12) markedly improved the survival
of HD in both adults and children. However, the MOPP
regimen had a very high hematological toxicity and also
associated with high risk of secondary acute myeloid
leukemia (AML), gonadal dysfunction like azoospermia and
ovarian dysfunction. So the search for alternative drug
combinations became a priority. The various combination
chemotherapy regimens tried were COPP (Cyclophosphamide, Vincristine, Procarbazine, Prednisolone), COMP
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(Cyclophosphamide, Vincristine, Methotrexate,
Prednisolone), CVPP (Cyclophosphamide, Vinblastine
Procarbazine, Prednisolone) or ChlVPP (Chlorambucil,
Vinblastine,Procarbazine,Prednisolone). These newer
regimens were associated with a reduced risk of bone
marrow suppression, secondary leukemia or
myelodysplastic syndrome than the MOPP regimen. The
ABVD combination regimen was developed in the mid1970s which consists of Adriamycin, bleomycin, vinblastine
and dacarbazine. This combination had neither
hematological malignancies nor infertility as an adverse
effect of treatment, and was non-cross resistant to MOPP.
Studies in adult have showed that ABVD used alone or
alternating with MOPP was superior to MOPP alone. In
the POG study children with advanced disease were
treated with alternating combination of MOPP and ABVD,
which produced a complete response rate of 90% and a
five-year EFS of 79%. The advantage of hybrid
chemotherapy protocols, where two different
chemotherapy regimens are alternated, was a decrease
in cumulative doses of each agent and the risk of longterm side effects was minimized.
Combined modality therapy (CMT): The combination of
chemotherapy along with radiotherapy is called CMT. The
combination of MOPP and low-dose radiation therapy was
the first CMT which was introduced by Donaldson et al. at
Stanford. With the CMT there was better disease control
with lesser toxicity and CMT became the standard of care.
The 5-year overall survival rates with CMT was greater than
95%, and 5-year EFS greater than 90% for all stages.
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year

1993

1997

1997

1999

2000

2002

Author

Vecchi

SackmanMuriel

Shankar

Schellon

LandmanParker

Donaldson

N

110

202

578

331

64
24

215

I-II non bulky

I-II

I-IIA 47%
IIB-IIIA 22%
IIIB-IV 31%

I-II 68%
III-IV 32%

1- Intermediate
2- Unfavorable

1 - IA, IIA,
no bulky med
2 - Bulky med,
IB, IIB, IIIB, IIIS,
3 - IIIB, IV

Stage

4 VAMP + IFRT

4 VBVP + IFRT (20 or 40 Gy) ±
OPPA according to response

- 2 OEPA or OPPA (I-IIA)
- + 2 COPP (IIB-IIIA)
- + 4 COPP (IIIB-IV)

-IFRT alone (IA)
-6 to 10 CHDVPP ± RT for
bulky mediastinal disease

1- CRT 3 CVPP+IFRT+ 3 CVPP
vs. 3 AOEP+IFRT+ 3 AOEP
2- 3 CCOPP/3 CAPTe + RT

- 3 ABVD + IFRT
- 3 MOPP / 3 ABVD + IFRT
- 3 MOPP / 3 ABVD + EFRT+ 2
MOPP / 2 ABVD

Chemotherapy

IFRT 15-25
Gy acc. to
response

IFRT

IFRT

Mediastinum
35Gy

IFRT,
20-40 Gy
acc. to
age and
response

RT

Table II Results of combined modality regimens in childhood HD.
OS

5y 99%

5y 98%

10y
I-II 92%
III 84%
IV 71%

7y 86%

EFS/PFS

5y 93%

5y OS 97%
5y EFS 91%

5y EFS 91%

10y PFS
I 70%, II 85%
III 73%,
IV 38%

80 mo EFS
1- 87% vs. 67%
(p=0.04) 2- 83%

7y EFS 82%
1 - 95%
2 - 81%
3 - 60%

Chemotherapy alone versus CMT
The basis of using chemotherapy alone by certain groups
(Table III) was to avoid long-term side effects of
radiotherapy, especially premature epiphyseal fusion
resulting in impaired growth, endocrine abnormalities like
hypothyroidism and secondary solid tumors in radiation
fields or adjacent to radiation fields. The long-term followup of childhood HL survivors shows a 18.5-fold increased
risk of developing a second malignant neoplasm, mainly
radiation-associated solid tumors (breast and thyroid
cancers).
There are three prospective randomised trials that have
been conducted in children with HL to compare CMT and
chemotherapy alone, by the POG and the Children’s
Cancer Group (CCG). The first two studies did not show
any statistical superiority of CMT, though OS and EFS were
higher in the CMT groups (Table IV). In the POG study
which compared the addition of low-dose total nodal
irradiation vs. no irradiation after receiving 4 MOPP / 4
ABVD for stage IIB-IV, the 5 year EFS was 80% for the CMT
group vs. 79% for chemotherapy alone, while 5-year
overall survival (OS) was higher in the group that did not
receive radiotherapy: 96% vs. 87% (P = 0.97). In another
study by CCG which randomised stage III and IV patients
to 6 MOPP/6 ABVD or 6 ABVD plus low dose regional
radiotherapy, showed a 4-year EFS of 77% vs. 87% (P=0.09)
respectively. Though none of these trials prove the
superiority of either CMT or chemotherapy alone for the
treatment of children with advanced disease, low-dose
radiation seems to have a survival advantage. Another
randomised controlled trial from the CCG, utilized risk68
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Nicaragua,
1997

Netherlands,
1997

India (AIIMS),
2004

Lobo-Sanahuja

Baez

Van den Berg

Arya

N

148

21

48

86

Stage

I-II 55%
III-IV 45%

I-II 71%
III-IV 29%

I-II 42%
III-IV 58%

I-IIIA
IIIB-IV

Chemotherapy

4 COPP / 4 ABVD

3 MOPP / 3 ABVD

6 to 10 COPP or
COPP/ABV hybrid

3-6 CVPP
6 CVPP / 6 EBO

5y 92%

5y - 100%
- 81%

OS

5y-88%
I:-100%.II:-93%
III: 83%. IV: 50%

EFS 90%
(median FU 61 months)

I-IIIA:3y, 100%
IIIB-IV:3y, 74.9%

5y RFS - 90%
- 60%

EFS / FFS

FFS: failure-free survival. RFS: relapse-free survival. AIIMS: All India Institute of Medical Sciences.

RCT: randomised controlled trial. RT: radiotherapy. OS: overall survival. EFS: event-free survival. }

Country

Costa Rica,
1994

Author

Table III Results of chemotherapy alone regimens in childhood HD.

adapted combination chemotherapy to 829 patients (stage
I to IV), and randomised those with complete response to
either low-dose IFRT or no further treatment. Intention
to treat analysis showed higher 3-year EFS for the group
that received additional radiotherapy (93% vs 85%,
P = 0.002).

Treatment of Favorable Risk Disease:
In the Early stage disease (I to IIA) both CMT and
chemotherapy alone has DFS or EFS in excess of 90%.
Localised disease with unfavorable features, such as bulky
presentation or more than two involved areas needs a
more aggressive treatment than localised favorable
disease.Multi-institutional trials have shown that children
with stage IA/IIA nonbulky HL can be effectively treated
with abbreviated chemotherapy regimen followed by 15
to 25 Gy IFRT. (Table V) In the German-Austrian
Multicenter Trial DAL-HD-90 favorable risk HL patients
were treated with 2 cycles of OPPA (vincristine,
prednisone, procarbazine, and doxorubicin) for girls or 2
cycles of OEPA (procarbazine replaced by etoposide) for
boys followed by 25 Gy IFRT. An additional 5 to 10 Gy boost
was given to sites in which postchemotherapy residual
mass >50 mL and/or >25% of the initial tumor volume.
The five-year EFS and OS were 94% and 99.6%,
respectively. In the subsequent German HL-95 study, RT
was omitted among patients achieving a complete
response (CR) to chemotherapy (27% of favorable risk
patients), while those not achieving CR received 20 to 35
Gy IFRT depending on the chemotherapy response. With
a median follow-up of 38 months, the EFS was 94% among
favorable risk patients.
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USA
(POG),
1997

USA
(CCG),
1998

USA
(CCG),
2002

Weiner

Hutchinson

Nachman

Stage

±LD-EFRT

±LD TNI
vs. 87%(CMT)

RT

4y OS: 84% (CT)
vs. 90% (CMT)

5y OS: 96% (CT)
vs. 80% (CMT)

OS

- I-II favourable: 4 COPP/ABV Randomisation 3y OS: 99% (CT)
- I-II unfavourable, III: 6
after CR: ±LD
vs. 98% (CMT)
- IV: 2 (cycle A / B / C)*
IFRT

- 6 MOPP / 6 ABVD or
- 6 ABVD + LD-EFRT

- 4 MOPP/ 4 ABVD or
- 4 MOPP/ 4 ABVD + LD TNI

Chemotherapy

OS: overall survival. EFS: event-free survival.

EFRT: extended-field RT. CT: chemotherapy alone. CMT: combined modality therapy.

RT: radiotherapy. IFRT: involved-field RT. LD: low-dose. TNI: total nodal irradiation.

Cycle B: COPP/ABVD. Cycle C: COAP (cyclophosphamide, vincristine, doxorubicin, prednisolone).

POG: Pediatric Oncology Group. CCG: Children’s Cancer Group. * Cycle A: Cytarabine, Etoposide.

829 I-IV

111 III-IV

179 IIB-IV

Country/ N
year

Author

3y EFS: 85% (CT)
vs. 93%(CMT),
p=0.002

4y EFS: 77% (CT)
vs. 87% (CMT)

5y EFS: 79% (CT)

EFS

Table IV Randomized controlled trials comparing chemotherapy alone vs. combined modality therapy in childhood HD.
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Sample Size

44 (CS/PSI-III)

65
67

294

267

281

Study Group/Trial

Stanford

French Society of
Pediatric Oncology

U.S. Children’s
Cancer Group

German Multicenter
HD-90

German Multicenter
HD-95

Event-Free or
Disease-Free
Survival

2 OPPA/OEPA +/-20-35 Gy IFRT

2 OPPA/OEPA + 20-35 Gy IFRT

4 COPP/ABV + 21 Gy IFRT

4 ABVD + 20-40 Gy IFRT
2 MOPP/2 ABVD + 20-40 Gy IFRT

94

94

100 (IFRT)

90
87

3 MOPP/3 ABVD + 15-25.5 Gy IFRT 100

Treatment

97

99.6

100 (IFRT)

92(all)

100

Overall Survival

5

5

3

6
6

10

Follow-up
(Years)

Table V. Selected Trials of Combined Modality Therapy in Favorable-Risk Pediatric Hodgkin Lymphoma

The above results and also those of other studies has
conclusively shown that in patients with favorable risk
disease, 2 to 4 cycles chemotherapy followed by low-dose
(20-25 Gy) IFRT are adequate to produce excellent EFS and
OS. For these patients, a major focus of clinical
investigation is how best to reduce treatment-related
toxicity while maintaining high rates of disease control.
There is emerging data that radiotherapy may be
completely omitted in patients who have complete
remission after chemotherapy in favourable risk disease.

Treatment of Intermediate and Unfavorable
Risk Disease:
Advanced Hodgkin disease (III to IV) in children requires
more aggressive therapy. The data from various
international study groups show that outcomes can be
improved significantly by increasing the dose intensity of
treatment. Modern CMT trials report 5-year EFS rates
greater than 80% in advanced disease. Hybrid regimens
using ABVD/ABV alternating with MOPP/COPP provide
disease control in about 75% of stage IIB-IV patients
without RT but stage IV patients do poorly with such
conventional therapy, whether additional IFRT is
administered or not. The various dose-intensified
chemotherapy protocols, such as Stanford V (nitrogen
mustard, doxorubicin, vinblastine, vincristine, bleomycin,
etoposide, prednisolone) or BEACOPP (bleomycin,
etoposide, doxorubicin, cyclophosphamide, vincristine,
procarbazine and prednisolone) along with G-CSF
improved the outcome of adults with advanced HL with
acceptable toxicity. The first attempt to treat children with
stage IIB, IIIB or IV with four doses of escalated BEACOPP
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as induction therapy has shown feasibility and good
tolerance in children. The rapid early responders further
received either 4 cycles of COPP/ABV (girls) or 2 ABVD plus
IFRT (boys), while slow early responders received four
more BEACOPP cycles plus IFRT.The results show a
significant improvement in EFS (91%) and OS (98%), but
further follow-up is necessary to evaluate effectiveness
and long-term toxicity of dose-intensive chemotherapy in
children. The role of additional RT in stage III or IV disease
remains controversial. In a meta-analysis of chemotherapy
vs CMT conducted in adult trials, the International
Database on Hodgkin’s Lymphoma Overview Study Group
showed that adjuvant radiotherapy has no survival
advantage, though better local tumor control is
obtained.The outcomes of selected trials of combined
modality therapy for intermediate- and high-risk disease
are shown in Table VI. The results of recent studies indicate
that the outcome of patients with unfavorable risk factors
has improved with intensification of chemotherapy. In the
German HD-DAL 90 protocol, after 2 cycles of OPPA or
OEPA, for intermediate- and high-risk HD additional 2 or 4
cycles of COPP (cyclophosphamide, vincristine,
procarbazine, and prednisone) was given. All patients
received 20- to 35 Gy IFRT, including those with stage III
and IV disease. Five-year EFS in the intermediate- and highrisk groups was 93% and 86%, respectively. The EFS in
these groups was comparable to that seen in the low-risk
group, with all 3 risk groups experiencing 5-year OS rates
≥ 94 %.In the HD-95 trial, which used the same
chemotherapy but IFRT was omitted in complete
responders, the EFS for intermediate- and high-risk
patients was 91%, and 84%, respectively.
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75

Stanford/St. Jude/
Dana Farber

German Multi-center
HD-95

Pediatric Oncology Group
U.S. Children’s
Cancer Group

30 (CS III)
27 (CSIV)
13 (CS/PS IV)
124 (IR)

St. Jude Children’s
Research Hospital
Stanford
German Multi-center
HD-90

159

280 (HR)

224 (IR)

141

179
394

179 (HR)

Sample Size

Study Group/Trial

3 MOPP/3 ABVD + 15-25.5 Gy IFRT
2 OEPA/OPPA + 2 COPP
+ 20-35 Gy IFRT
2 OEPA/OPPA + 4 COPP
+ 20-35 Gy IFRT
4 MOPP/4 ABVD ± 21 Gy TNI
6 COPP/ABV ± 21 Gy IFRT
(intermediate risk)
COPP/ABV + CHOP + Ara-C/VP-16
± 21 Gy IFRT (high risk)
2 OPPA/OEPA + 2 COPP
+ 20-35 Gy IFRT
2 OPPA/OEPA + 4 COPP +
20-35 Gy IFRT
3 VAMP/3 COP + 15-25.5 Gy IFRT

5 COP(P)/4 ABVD + 20 Gy IFRT

Treatment

75.5

84

91

91 (IFRT)

79
88 (IFRT)

86

97
85
69
93

Event-Free or
Disease-Free
Survival (%)

92.7

97% (all)

100

92
95

94

100
86
85
97

Overall
Survival

5

3

3

3

5
3

5

10
5

5

Follow-up
(Years)

Table VI -Selected Trials of Combined Modality Therapy in Intermediate- or High-Risk Pediatric Hodgkin Disease

In the CCG 5942 protocol children with intermediate-risk
disease received 6 cycles of COPP/ABV; those with highrisk disease received 2 courses of intensive multidrug
chemotherapy with cytarabine/etoposide, COPP/ABV, and
cyclophosphamide, vincristine, doxorubicin, and
methylprednisolone/prednisone with granulocyte colonystimulating factor support. The children who achieved
complete remission were then randomly assigned to 21
Gy IFRT or no further therapy. Three-year EFS rates
patients receiving IFRT was 93% vs 85% who did not
received IFRT. Other studies have also used low-dose IFRT
after chemotherapy in intermediate risk with good disease
control.
On the basis of the above studies it can be concluded that
intensification of chemotherapy can overcome the adverse
features of many patients with intermediate and high-risk
disease. Treatment with 4 to 6 cycles of multiagent
chemotherapy followed by low-dose IFRT can produce
good results, although achieving EFS >90% in high-risk
patients remains a challenge.
It is noteworthy that the use of RT in the management of
advanced-stage pediatric HL differs considerably from the
usual practice for adult HL. In both the GPOH HL-95 and
CCG 5942, the benefit of IFRT in reducing relapse rates
was most pronounced among high-risk patients. In the HD95 study, intermediate- and high-risk patients who
received IFRT had significantly better EFS than those who
did not, despite the latter group achieving a better
response to chemotherapy. In the CCG 5942, IFRT was
associated with an 11%, 5%, and 12% improvement in
3-year EFS among low-, intermediate-, and high-risk
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patients respectively. Accordingly, IFRT remains an
important component of treatment in intermediate and
high-risk disease in most multi-institutional pediatric
protocols.

Treatment of Nodular LymphocytePredominant HL:
The Nodular lymphocyte predominant HL (NLPHD) is
recognized as a different clinical-pathological entity,
generally with a favorable outcome, but also associated
with a higher risk of late relapse and subsequent
development of Non Hodgkin Lymphoma. Sandoval and
coworkers reported the outcome of 51 children with
NLPHD, treated with RT alone, chemotherapy alone, or
combined modality therapy. Forty-eight patients (94%)
were alive and disease-free at a median follow-up of 8
years (range 0.4-32.6). Three patients died, 2 from second
cancers (42). Like low-risk classical HL, the treatment of
NLPHD should be selected to minimize treatment-related
toxicity. Although 30 to 36 Gy IFRT alone is acceptable
treatment for adult NLPHD, this treatment is not suitable
for pediatric patients. Standard treatment for children with
NLPHD is chemotherapy and low-dose IFRT, and subset
analyses of NLPHL patients treated on trials using
chemotherapy alone may reveal this to be adequate
treatment. There is upcoming evidence that observation
alone may be suitable management for patients with
completely resected NLPHL. The French Society of
Pediatric Oncology treated 13 stage IA patients with
surgery alone. Among the 9 patients with complete
resection, 3 relapses occurred within 2 years .
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Response-Adapted Therapy:
Another approach to refining risk-adapted therapy is to
modify treatment based on the assessment of early
response to chemotherapy, so-called response-adapted
therapy. This approach is based on the premise that rapid
early response (RER) to chemotherapy is a predictor of
eventual long-term disease control, possibly because these
patients harbor biologically favorable disease. The goal of
response adapted therapy is to tailor the therapy by using
the prognostic value of early treatment response to
minimize treatment intensity among those with RER and
thereby reduce toxicity, while intensifying treatment for
those with slow early response (SER), thereby improving
disease control.One approach to response-adapted
therapy is to increase RT dose among those with residual
imaging abnormalities after chemotherapy. In the DAL HL90 and HD95 RT dose was increased from 30 to 35 Gy
depending on chemotherapy response. The chemotherapy
may also be intensified or reduced based on early
response. The CCG 59704 study treated 99 children with
advanced-stage HL with 4 cycles of dose escalated
BEACOPP (bleomycin, etoposide, doxorubicin,
cyclophosphamide, vincristine, procarbazine, and
prednisone) with rapid responders after 2 cycles of
chemotherapy receiving an additional 4 cycles of COPP/
ABV without RT (females) or 2 cycles of ABVD with IFRT
(males).The slow responders were given 4 additional cycles
of BEACOPP and IFRT. This aggressive approach was found
to be generally tolerable, although 1 treatment-related
death from myelosuppression occurred. Taken together,
these studies suggest that response-adapted therapy may
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be particularly useful in identifying patients with very
favorable disease who can be treated with abbreviated
chemotherapy with limited exposure to alkylating agents
and low-dose IFRT.

Treatment of relapsed or refractory disease:
The majority of relapses occur in the first three years after
the initial remission, the patients with early relapse (within
a year from initial remission), multiple relapses or
progressive disease on first line therapy respond poorly
to conventional salvage therapy and require high dose
chemotherapy with agents such as ifosfamide, epirubicin,
etoposide, cisplatin, melphalan and autologus stem cell
transplantation. This approach provides OS rates of 30 to
50%. Forty to 50% of late relapses can be treated with
combined modality therapy, with a high risk of treatment
related morbidity.

Response evaluation:
Interim response evaluation should be performed in early
and intermediate stages after completion of
chemotherapy/prior to radiotherapy and after four cycles
in advanced stages, respectively. Final staging after
completion of treatment should be performed. Physical
examination, laboratory analyses and CT scans are
mandatory. Interim FDG-PET has been shown to identify
a subset of poor-risk individuals in advanced HL and
relapsed HL. However, tailoring treatment on the basis of
interim PET should be reserved for clinical trials and cannot
be considered standard. After completed treatment,
positive PET scans may reveal persistent disease activity,
but a false-positive PET scan should be excluded.
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Conclusion: There is a considerable advance in the
management of childhood Hodgkin’s lymphoma over the
past few years. The early stage favorable disease has
excellent outcome, and with the use of fewer cycles of
cytotoxic chemotherapy the long term morbidity has also
decreased. The addition of low-dose involved field
radiotherapy after complete response to first line
chemotherapy has further increased the cure rates with
minimal toxicity. The decision-making for the management
of pediatric HD should be guided by the relative risks and
benefits associated with treatment regimens.
Table VII- Guideline recommendation of classical HL
Clinical Presentation

Stage

Recommended treatment
approach

Early/favorable:
Localized disease involving
<3-4 nodal regions in absence
of B symptoms, bulk,
or extranodal extension

IA, IIA

Recommended therapy:
2 cycles non-cross-resistant
chemotherapy without
alkylators (ABVD or
derivative) plus low-dose,
involved field radiation
(20 Gy) (Level I-IIA)

Localized unfavorable/
intermediate:
Localized disease involving
>3-4 nodal regions in presence
of bulky lymphadenopathy
(mediastinal ratio >33%;
lymph node mass >6-10 cm).

IA, IIAI
IB
IIIA

Recommended therapy:
4 non-cross-resistant
chemotherapy ABVD or
derivative plus low-dose,
involved-field radiation
(30 Gy) (Level I-IIA)

Advanced/unfavorable:
Stage II patients with
constitutional symptoms
of fever or weight loss and
any patient with
advanced stage

IIB
IIIB
IV

Recommended therapy:
6 cycles of ABVD
chemotherapy or derivative
(if in CR after 4 cycles)/
8 cycles of ABVD or
derivative (if in partial
remission after 4 cycles)
along with low-dose,
involved-field radiation
(30 Gy) (Level I-IIA)
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Guideline recommendation of NLPHL
Stage IA without risk factors: A dose of 30 Gy IF-RT alone
is the standard treatment for stage IA NLPHD patients
without risk factors [Level III A]
Other stages:NLPHL is treated identically to classical HD
in all stages except for stage IA without risk factors. (Level
III A)
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Management of Nodular Lymphocytic
Predominant Hodgkin’s Lymphoma

Introduction
Hodgkins lymphoma (HL) accounts for 1% of all the
neoplasms occurring worldwide. Lymphocyte
predominant HL (LPHL) accounts for 4% - 5% of all HL
patients. It is a more indolent disease with prolonged
disease free intervals and late relapses. The earliest note
of LPHL has been made in 1936 when Rosenthal observed
that the overall survival (OS) of HL patients correlated
directly with the extent of lymphocytic infiltration in the
involved lymph nodes. It was subsequently substantiated
by Jackson and Parker who called it ‘paragranuloma’. The
2001 WHO classification renamed the disease nodular
lymphocytic predominant Hodgkins lymphoma (NLPHL)
which has also been adopted by the 2008 WHO
classification. Due to the rarity of the disease, data on
treatment and outcome comes mainly from single
institution reports, or retrospective and pooled multiinstitutional analyses.
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Pathobiology
The pathogenesis of the disease is still unclear. The
neoplastic cell is called the lymphohistiocytic (L & H) cell
or popcorn cell and arises from the germinal B cell. These
cells typically contain immunoglobulin (Ig) gene
rearrangements and show Ig heavy chain somatic
hypermutations and are negative for all markers of Epstein
Barr virus. The L & H cells are large cells characterized by
single, large, folded or multilobated nucleus containing
multiple small basophilic nucleoli. The reactive background
contains small lymphocytes with some plasma cells and
epithelioid elements.
Morphologically LPHL may be classified as nodular and
diffuse. The diffuse pattern is rare and corresponds to
histological progression of nodular form.
Immunohistochemistry
The L & H cells are typically positive for CD45, CD20 and
Bcl6 and often display over expression of OCT2. They are
negative for CD15 and CD30.

Clinical Features
Median age at presentation is 30 - 40 years. There is a
male preponderance with male to female ratio of 3:1.
Most of the patients (70% - 80%) present with stage I and
II disease. As the L & H cells are not a rich source of
cytokines and chemokines, B symptoms are uncommon,
seen only in 5% - 10% of patients. Bulky disease occurs in
less than 10%. There is a propensity towards involvement
of peripheral nodes (neck and axilla) with supra
diaphragmatic disease being more common. Nodal spread
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is not contiguous as seen in CHL. Splenic involvement is
seen in 10% - 15% with liver involvement in less than 10%
and bone marrow and lung involvement in less than 5%
of patients.
Staging and investigations: Similar to classical Hodgkin
Lymphoma

Treatment
LPHL has a different natural history and response to
therapy as compared to classical HL (CHL) and early stage
disease may not require as aggressive a therapy as CHL.
In the retrospective analysis of 8298 patients with HD of
whom 394 patients had LPHL treated under protocols HD4
to HD12 of the German Hodgkin Study Group (GHSG), a
better freedom from treatment failure (FFTF) (88% vs.
82%) and overall survival (OS) (96% vs. 92%) was found
for LPHL compared to CHL. Among patients with LPHL,
patients with early stage favourable disease had better
freedom from treatment failure (93%) than those with
early stage unfavourable (87%) and advanced stage
disease (77%). The adverse prognostic factors for OS were
advanced stage, age >45 years, low haemoglobin. The
adverse prognostic factors for FFTF were advanced stage,
low haemoglobin and lymphopenia. In another study by
the European Task Force on Lymphoma (ETFL) favourable
FFTF was seen in early stage disease (Stage I and II)
compared to advanced stage disease (Stage III and IV).
Stage IA and IIA
Early stage LPHL has better outcome than early stage CHL
and is managed differently. Retrospective analysis by
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Schlembach and colleagues reported 5 year relapse free
survival of 95% and overall survival of 100% for patients
with stage IA patients treated with radiotherapy alone. In
another retrospective analysis by the Australasian group,
202 patients with stage I and II LPHL treated with RT alone
with more than 50% receiving full mantle radiation, were
studied. At a median follow-up of 15 years, the 10- and
15-year OS were 88 and 83 percent, respectively. Freedom
from disease progression at 10 and 15 years were 88 and
82 percent, respectively. Another retrospective study of
42 patients (50% stage IA) showed 100% CR rates with
IFRT alone. Four patients relapsed, but all were successfully
salvaged with chemotherapy. In a single institute study
by Chen et al, out of 113 patients with stage I/II disease
93 were treated with RT alone (limited, regional or
extended fields), 13 patients received RT and
chemotherapy and seven patients received chemotherapy
alone. For those treated with RT alone the 10 year
progression free survival (PFS) were 89% and 72% for stage
I and II disease, respectively with corresponding 10-year
survival rates of 96% and 100%. PFS and OS were similar
among the three RT groups. Addition of chemotherapy
did not improve outcome and patients treated with
chemotherapy alone had early progression. A combined
subset analysis of three retrospective studies on the
outcome following RT alone in a total of 131 patients with
stage I-II NLPHL shows no difference in the recurrence
rates of more limited mantle or regional RT versus more
extensive subtotal or total nodal irradiation. (Level of
evidence IV)
The role of chemotherapy in early stage LPHL is still
debatable. Combined with radiation it has favourable
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results. However, randomized trials comparing outcomes
between RT alone or combined therapy are lacking and
retrospective studies are few in number. The retrospective
analysis by the GHSG compared three treatment options
of EFRT (45 patients), IFRT (45 patients) and combined
modality therapy (41 patients). Estimated 24-month FFTF
rates were 100%, 92%, and 97%, respectively for the three
treatment groups. However, the median follow-up in each
group varied, and in the IFRT group the median follow-up
was only 17 months which may be insufficient in disease
with late relapses. In the subset analysis of 64 patients
with LPHL in the GHSG HD7 study comparing RT with or
without two cycles of ABVD, there was a non significant
trend toward better FFTF in the combined modality
treatment group (96% versus 83% at 7 years) but no
difference in overall survival. In another retrospective
analysis by the M.D. Anderson group, comparing outcome
of RT alone versus combined modality treatment in 48
patients with stage I/II disease, similar RFS (77% vs. 68%)
and OS (90% vs. 100%) were observed in both the arms.
Data for the role of chemotherapy alone in LPHL is sparse,
though it suggests that ABVD alone is ineffective for this
disease. In one series of seven children treated with EBVD
for six cycles without radiotherapy, the CR rates were 100%
but with a relapse rate of 43%. All the relapsed patients
were salvaged with chemotherapy alone without
radiotherapy. In another series of 37 patients treated with
chemotherapy alone, treatment failure rate of 75% was
noted for those receiving ABVD/EVA and 32% for the
MOPP based regimen. A retrospective trial of 42 children
with NLPHL treated with radiotherapy or combination
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chemotherapy (Chlorambucil, Vinblastine, Prednisolone,
Procarbazine) found all patients to achieve a complete
response. At a median follow-up of 8.9 years, six patients
relapsed, four treated with radiation alone and two with
chemotherapy alone. Five of these relapsed patients were
salvaged with second line chemotherapy. The 5-year and
10-year RFS rates were 87 percent and 82 percent,
respectively.

Role of surgery alone:
There is no data in adults exploring only surgery as a form
of treatment for early stage LPHL. The largest series is from
the European Network group on 58 children (54 with stage
IA disease) treated with resection alone. At a median
follow-up of 43 months, all of the children were alive, with
an estimated 50-month PFS of 57%. Of the 18 stage IA
patients who developed recurrence after initial resection,
all were restaged as either IA or IIA. (Level of evidence IV)
Stage IB and IIB
Presence of B symptoms is unusual in early stage LPHL,
however when present is associated with poorer outcome.
Data suggest that these patients may need more
aggressive therapy than early stage patients without B
symptoms. In a retrospective multi-centre study 3%
patients with stage I and II LPHL treated with RT alone
had B symptoms. Presence of B symptoms significantly
decreased overall survival and freedom from progression
(HR 14.4; 95% CI 3.8-54.2).
Stage III and IV disease
Around 25% of patients with LPHL present with advanced
stage disease and these patients have significantly poorer
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outcomes and warrant aggressive therapies. In the ETFL
study, most of the patients were treated with MOPP/ABVD
like regimens with or without RT. Chemotherapy achieved
CR rates of 96% across all stages. The eight year disease
specific survival and FFTF for stage III and IV patients were
94% and 62% and 41% and 24% respectively. The clinical
outcomes were similar to the advanced stage CHL. (Level
of evidence IV)

Role of Rituximab
Rituximab is a chimeric monoclonal antibody directed
against CD20 antigen. Given that LPHL cells consistently
express CD20 on their surface, there has been an
increasing interest in exploring the potential therapeutic
role of rituximab in this disease. A phase II study by the
GHSG evaluating four weekly doses of rituximab 375 mg/
m2 in 15 patients with relapsed or refractory NLPHL found
an overall response rate (ORR) of 96% with eight patients
achieving CR. In a study by the Stanford group, 22 patients
(10 previously treated and 12 untreated) patients with
stage I to IV LPHL were treated with four weekly doses of
rituximab 375 mg/m2, ORR achieved was 100% with 41%
CR. The estimated probability of disease progression at
10.2 months was 52%. A modification of protocol to repeat
rituximab 375 mg/m2 weekly for four doses at six monthly
intervals for 2 years was later made. The ORR was 97% for
entire cohort. Median follow up was 72 months for limited
therapy and 30 months for extended therapy. For patients
undergoing limited therapy, the CR and CRu rates and
estimated freedom from progression at 30 months were
56% and 52%, while for the extended therapy group, both
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were 88%. In another retrospective analysis by Azim et
al, they identified seven patients who had been treated
with either single agent rituximab (4) or in combination
with chemotherapy (3). ORR was 100% with 6 patients
achieving CR. At a median follow up of 2 years, the time
to progression was 27 months. (level of evidence IV)

Recurrent disease
NLPHL patients tend to have an indolent course and late
relapses occurring at sites distant from the original sites
of presentation. Retrospective studies show that the
freedom from treatment failure rates decline posttreatment from 5 years (67% to 100%) to 10 years (45%
to 88%) to 15 years (71% to 82%).
Fortunately, patients with distant relapses can usually be
salvaged with repeat treatment with involved-field RT to
areas of nodal relapse or chemotherapy.

Transformation to Non-Hodgkins Lymphoma
(NHL)
Patients with NLPHL have a slightly higher risk of
development of NHL (2 to 5 percent) than patients with
other types of HL. Transformation to a large cell lymphoma
is most common with a 10-year cumulative rate of
approximately 12 percent. Most cases studied have a Bcell immunophenotype, with monotypic Ig expression in
about 30 to 50 percent.
In one study, patients with diffuse large B cell lymphoma
(DLBCL) arising in the context of nodular lymphocytepredominant Hodgkin lymphoma, and who were treated
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aggressively with curative chemotherapy for DLBCL,
appeared to have similar survival outcomes as those who
were diagnosed with de novo DLBCL.

Summary
LPHL is an uncommon malignancy with a natural history
and treatment response different from that of CHL.
Current treatment for stage IA and IIA disease is IFRT alone
with combined modality therapy for the others. The
recommended dose of RT is 30 – 36 Gy. Rituximab has
been shown to be effective in certain early phase trials
either as a single agent or in combination with
chemotherapy. The role of rituximab based therapy or
chemotherapy is currently being explored in ongoing trials.
Around 15% to 30% of NLPHL patients will relapse. As
relapsed disease responds excellently to therapy, these
patients should be restaged and treated accordingly. As
patients survive longer, there is an increased risk of late
toxicity and second cancers. These patients should be
followed up closely for a long time.
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Role of Transplant in
Hodgkin’s Lymphoma

Hodgkin’s Lymphoma
Hodgkin’s Lymphoma (HL) is the one of the most common
lymphoid malignancy in 10-30 year age group. As in other
hematological malignancies, strong evidence in favor of
dose-response relationship and therapeutic outcome has
been found. A large number of patients get cured by the
first line Combined Modality treatment (CMT). Still a
significant number of patients are refractory to or relapse
after first line treatment (15-20% in stage I-II and 35-40%
of stage III-IV). The treatment approach in these patients
can extend from second line chemotherapy alone to CMT,
Autologous stem cell transplant (ASCT), Allogeneic stem
cell transplant or Tandem Autologous transplants. These
patients are best treated with salvage chemotherapy
followed by high-dose chemotherapy and ASCT. The
success with ASCT depends largely upon the
chemosensitivity of the disease and time to relapse after
the first line of therapy. Although Hodgkin’s Lymphoma
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represents a true success story for oncological evolution,
many critical management decisions, such as the exact
role
of autologous and allogeneic stem
cell
transplantation, still remain unclear.

Outcome after relapse:
In patients relapsing after initial treatment, the extent and
duration of the initial remission is the most important
prognostic factor. Patients who never achieve complete
remission have an extremely poor prognosis, patients who
relapse within 12 months of complete remission have an
intermediate prognosis, and patients who relapse more
than 12 months after achieving complete remission have
the best prognosis. But even for the latter, long term
outlook is poor with conventional chemotherapy. The
crucial step in planning the further treatment is to decide,
whether we are dealing with chemo sensitive or refractory
disease. Figure 1 shows survival curves for patients

Figure 1: Overall survival of patients with primary
progressive, early relapse or late relapse of HD, treated in
German Hodgkin study Group from 1988 to 1999, primarily
with conventional salvage.
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relapsing after initial chemotherapy divided into these
three prognostic groups. Patients in second or higher
relapse also have a dismal prognosis.

Role of Autologous Transplant in relapsed
diseasePredictors of outcome for relapsed HL with High- dose
chemotherapy and autologous stem cell transplantation
The chemosensitivity of the disease is the most important
predictive factor. Hence, the response to the initial or
salvage therapy, the duration of initial remission and the
number of prior failed regimens all have been shown to
be important for outcome. The disease burden before
transplantation is another important prognostic factor, and
measures reflecting tumor burden such as stage of disease,
and bulky or extra nodal disease at salvage have been
shown to be independently significant. B- Symptoms, low
hemoglobin, and an elevated serum LDH at relapse are
also significant, as is poor performance status. Age has
not been significant, probably due to the fact that most
patients are relatively young at transplantation.
For patients who are primary progressive or relapse after
remission, a number of salvage regimens are available,
ranging from DHAP, ASHAP, ESHAP, ICE, GDP, Dexa-BEAM,
Mini BEAM to CEVD. Inspite of results of multiple phase II
studies, no direct comparison of different combinations
has been done for standard second line therapy. Either
dependent upon personal experience or institutional
results, any one of these can be used as second line
therapy. Since the randomized trials of ASCT had used
mini-BEAM or dexa-BEAM, so one of them can be used as
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standard regimen. Since goal of salvage chemotherapy is
to proceed to ASCT, the ideal salvage regimen should
produce a high response rate with acceptable hematologic
and nonhematologic toxicity and not impair the ability to
mobilize and collect peripheral blood stem cell (PBSC) for
ASCT. Mini-BEAM has been found to have significant
hematologic toxicity, requiring frequent patient
hospitalization for febrile neutropenia, and increased need
of transfusion support. Stem cell mobilization appears to
be compromised after treatment with mini-BEAM. The
response rates range from 60 - 88 %. But if the response
is not consolidated, then most of these patients will
relapse. The relapse rate ranges from 70 – 100 %. So, it’s
very important to consolidate the benefit acquired from
the salvage chemotherapy with high dose chemotherapy.
High-dose therapy followed by PBSC autologous
transplant has been accepted as standard of care for
patients with relapsed or refractory Hodgkin’s Lymphoma.
The effectiveness of high dose therapy has been shown
by two randomized phase 3 trials for progression free
survival but not for overall survival. Linch et al in BNLI trial
and Schmitz et al in EBMT trial have proven the benefit of
progression free survival for ASCT compared from salvage
chemotherapy alone. The BLNI trial compared ASCT with
BCNU, Etoposide, Ara-c and Melphalan (BEAM) as a
preparative regimen to mini- BEAM without autologous
transplantation in patients who had Hodgkin’s Lymphoma,
for whom conventional therapy had failed. 40 patients
were randomized into two groups and followed up for a
median period of 34 months. Five BEAM recipients died
(two from causes related to ASCT and three from disease
progression), compared with nine mini-BEAM recipients
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(all disease progression). The difference was not significant
(p=0.318). However, both 3-year EFS and PFS showed
significant differences in favor of BEAM plus ASCT (p=0.025
and p=0.005, respectively). However there was no
difference in overall survival.
The second trial was performed by GHSG and the
lymphoma working party of the European Group for blood
and marrow transplantation (EBMT). The patients were
randomized for two cycles of Dexa-BEAM (Dexamethasone
and Carmustine, Etoposide, Cytarabine and Melphalan)
and either two further courses of Dexa-BEAM or high-dose
BEAM and transplantation of stem cells. Only patients who
had chemosensitive disease (CR or PR after two cycles of
Dexa-BEAM) proceeded to further treatment. Of the 117
patients with chemosensitive relapse, 3 year Freedom
From Treatment Failure (FFTF) was significantly improved
for patients undergoing ASCT compared to 4 cycles of
Dexa-BEAM (55% versus 34%, p= 0.019). The Transplant
Related Mortality (TRM) from salvage chemotherapy in
this study was 5%. With a median follow up of 39 months
(3-78 months), the 3 year FFTF was significantly better for
patients treated with BEAM, regardless of whether first
relapse had occurred early (<12 month) (41% versus 12%,
p=0.007) or late (>12 months) (75% versus 44%, p=0.02).
But there was no significant difference of FFTF observed
for ASCT over conventional chemotherapy in a subgroup
of patients treated for multiple relapses. None of the
subgroups of the patients showed a statistically significant
difference in overall survival (OS) upto follow up of 7 years.
The differences in FFTF may be because of selection bias
with only chemosensitive patients being randomized in
the EBMT trial. This randomized trial only randomized
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responding patients and thus this evidence does not
support proceeding to ASCT in all patients. The absence
of difference between the two arms in OS might be
because of the fact that about 1/3rd of patients receiving
conventional salvage therapy underwent ASCT after
further relapse.
Patients with chemosensitive relapsed disease benefit
with ASCT (Level of evidence I)

Role in primary refractory Hodgkin’s
lymphoma –
Definition of Primary refractory disease – Progression or
non responsive disease during induction or within 90 days
of completing treatment.
Prognosis of patients who have primary refractory disease,
defined as progression during 1st line chemotherapy or
within 3 months of completion of chemotherapy, is poor.
Two major studies for this group of patients are the EBMT
analysis and Autologous Blood and Marrow Registry
ABMTR analysis, although they provide varied results. In
EBMT analysis, 175 primary refractory Hodgkin’s
lymphoma cases were analysed. The actuarial 5 – year
PFS and OS were 32 % and 36%, respectively. In (ABMTR)
analysis of 122 patients, actuarial probabilities at 3 years
were 38% and 50% for PFS and OS, respectively. The reason
for these wide variations may be the varied definition of
induction failure with different subset of patient’s with
different long term outcomes. In ABMTR analysis, nearly
50% of the patients whose response to salvage
chemotherapy before ASCT was known, had a
chemosensitive disease before transplantation. The
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presence of B symptoms at diagnosis and poor karnofsky
performance status correlated with survival, and thus the
absence of both was associated with a 2 year survival score
of 87%. In the EBMT analysis, patients who had received
more than one line of chemotherapy before
transplantation did worse, both in terms of OS and PFS.
Other analysis done for role of ASCT in primary refractory
failure is GEL/TAMO analysis of 62 patients and GELA’s data
of 157 patients by Ferme and colleagues. The above
mentioned studies and their analyses were subject to
significant selection bias. Patients with rapidly progressive
disease, poor performance status, older age, and poor
stem cell harvest were not included in these reports. The
GHSG, in a landmark analysis comparing patients with
primary refractory disease who did or did not receive
transplant within 6 months of progression, and excluding
all patients who survived less than 6 months, showed no
benefit of ASCT over those who received conventional
therapy only. ASCT is an option for patients with primary
refractory disease who achieve CR or PR after salvage
chemotherapy (Level of evidence III). However patients
who have stable or progressive disease after
chemotherapy the benefit of ASCT is less well defined
(level of evidence III)

Role of allogeneic transplant –
The role of allogeneic transplant in relapsed Hodgkin’s is
based on the opinion of absence of tumor contamination
of the infused cells and Graft versus Lymphoma effect,
clinically associated with GVHD. A case matched analysis
including 45 autograft and 45 allograft by Milpied and
colleagues, didn’t find significant difference in actuarial
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probabilities of OS , PFS, and relapse rate between AlloSCT
and ASCT (25%, 15%, 61% versus 37%, 24%, 61%
respectively) in patients of relapsed Hodgkin’s Lymphoma.
The TRM at 4 years was significantly high for allogeneic
SCT as compared to Auto SCT (48% vs. 27%, p=0.04). Acute
GVHD greater than or equal to grade II was associated
with a significantly lower risk of relapse. So the role of
allogeneic transplant in hodgkin’s lymphoma is hampered
by the high mortality rate. A new enthusiasm for
allografting in malignant lymphomas has arisen from the
use of less intensive preparative regimens that provide
sufficient immunosuppresion for allogeneic engraftment;
this means less toxicity than standard high-dose
preparative
regimens.
These non-myeloablative transplants are expected to allow the development
of graft-versus-lymphoma effect with less morbidity and
mortality than conventional allograft. Several reports have
demonstrated favorable outcomes in small cohorts of
lymphoma patients. Some investigators have tested nonmyeloablative allograft as consolidation therapy after
autografting or for relapse after ASCT. In fact, the greater
potential benefit of allografting could be exploited if
conditioning mortality is decreased and tumor burden is
minimized with autografting before mini-allografting,
mainly in patients with primarily resistant disease, disease
< 1 year from complete remission, or multiple relapses.
The recent observations that fludarabine-containing
regimens have resulted in engraftment of allogeneic cells
(with or without early cyclosporine withdrawal and/or
donor lymphocyte infusion) with reduced morbidity and
procedure-related deaths raise the possibility that less
intensive conditioning regimens might also be useful in
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patients with an indication for allografting but who are
too old to receive the conventional procedure.

Role of autologous transplant in advanced
stage Hodgkin’s lymphoma in the upfront
setting
The rationale of autologous transplant in advanced stage
hodgkins’s lymphoma is based on the concept of early
consolidation with high dose therapy, as this group of
patients are most likely to relapse after treatment. EBMT
trial HD01 provides answer to this question. This trial
studied “High dose therapy with autologous stem cell
transplantation versus conventional therapy for patients
with advanced Hodgkin’s lymphoma responding to frontline therapy.” The 5-year failure-free survival rates were
84 % in chemotherapy arm as compared to 75 % in Auto
SCT arm, although it was not statistically significant. OS
was same in both the arms (88%). A similar trial was
conducted by Scotland and Newcastle Lymphoma Group
(SNLG), “A population-based study of intensive multi-agent
chemotherapy with or without auto transplant for the
highest risk Hodgkin’s disease patients identified by the
Scotland and Newcastle Lymphoma Group (SNLG)
prognostic index”. This study also didn’t prove any benefit
of using autologous transplant in patients of advanced
disease in CR1. So high-dose chemotherapy and
hematopoietic stem cell transplant in not recommended
even in patients with Hesenclever score of 5 – 7.
There is no role of ASCT in advanced HL as of date (Level
of evidence I)
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Future:
Early mortality rates after high-dose therapy are less than
5%, and the biggest risk for these patients is relapse.
Consequently, it is hoped that new technologies can be
developed to improve the results of high-dose therapy. In
this
context,
the
value
of double
autografting or autografting followed by miniallografting in patients who have an HLA-identical sibling
should be further explored.
Level of Evidence –
Disease

Present
evaluation

Plan

Level of Recomm- Plan Level of Recommevidence endation
evidence endation

Advanced
stage HL

CR1

ASCT 1 a

A

Allo
SCT

Not
–
evaluated

PRD

CR/PR

ASCT II b

B

Allo
SCT

III

C

PRD

SD/
ASCT III
Progression
on salvage
therapy

C

Allo
SCT

III

C

Relapsed
Chemosensitive
disease

CR2

ASCT I

A

Allo
SCT

III

C

Post ASCT
relapse

–

–

–

Allo
SCT

IV

C

–

PRD – Primary refractory disease
SD – Stable disease

Grades of Recommendation –
A – Consistent level 1 studies
B - Consistent level 2 or 3 studies or extrapolations from
level 1 studies
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C – Level 4 studies or extrapolations from level 2 or 3
studies
D – Level 5 evidence or troublingly inconsistent or
inconclusive studies of any level

Definition of chemosensitive and
resistant disease
Sensitive Disease – Those patients who achieved CR after
initial chemotherapy (based on physical examination and
imaging studies). On relapse they achieve CR / PR after
2nd line chemotherapy.
Resistant Disease – Patients who have achieved a CR, but
then relapsed and a subsequent CR /PR was never
achieved before conditioning for transplant.
Primary Induction Failure – Patient has not achieved CR
during or after completion of 1st line of treatment.
Untreated patients – Those who were directly taken for
transplant at the time of relapse, without first receiving
reinduction chemotherapy.
Primary refractory disease – Progression or non
responsive disease during induction or within 90 days of
completing treatment.
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