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Overview
Non-Hodgkin’s lymphomas (NHLs) are a heteroge-
neous group of lymphoproliferative disorders originat-
ing in B-, T-, or natural killer (NK) lymphocytes. In 
the United States, B-cell lymphomas represent 80% to 
85% of all cases, with 15% to 20% being T-cell lym-
phomas; NK lymphomas are very rare. In 2009, an es-
timated 65,980 new cases of NHL will be diagnosed 
and 19,500 will die of the disease.1 NHL is the sixth 
leading site of new cancer cases among men and fifth 
among women, accounting for 4% to 5% of new can-
cer cases and 3% to 4% of cancer-related deaths.1
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NCCN Categories of Evidence and Consensus
Category 1: The recommendation is based on high-level 
evidence (e.g., randomized controlled trials) and there is 
uniform NCCN consensus.
Category 2A: The recommendation is based on lower-
level evidence and there is uniform NCCN consensus.
Category 2B: The recommendation is based on lower-
level evidence and there is nonuniform NCCN consensus 
(but no major disagreement).
Category 3: The recommendation is based on any level of 
evidence but reflects major disagreement.

All recommendations are category 2A unless otherwise 
noted.

The full NCCN Clinical Practice Guidelines in Oncology: Non-
Hodgkin’s Lymphomas are not printed in this issue of JNCCN, 
but can be accessed online at NCCN.org.

Clinical trials: The NCCN believes that the best management 
for any cancer patient is in a clinical trial. Participation in 
clinical trials is especially encouraged.

Please Note
These guidelines are a statement of consensus of the 

authors regarding their views of currently accepted ap-
proaches to treatment. Any clinician seeking to apply or 
consult these guidelines is expected to use independent 
medical judgment in the context of individual clinical cir-
cumstances to determine any patient’s care or treatment. 
The National Comprehensive Cancer Network makes no 
representation or warranties of any kind regarding their 
content, use, or application and disclaims any responsibil-
ity for their applications or use in any way.

These guidelines are copyrighted by the National 
Comprehensive Cancer Network. All rights reserved. 
These guidelines and the illustrations herein may not be 
reproduced in any form without the express written per-
mission of the NCCN © 2010.
Disclosures for the NCCN Non-Hodgkin’s 
Lymphomas Guidelines Panel

At the beginning of each NCCN guidelines panel meeting, 
panel members disclosed any financial support they have 
received from industry. Through 2008, this information was 
published in an aggregate statement in JNCCN and online. 
Furthering NCCN’s commitment to public transparency, this 
disclosure process has now been expanded by listing all 
potential conflicts of interest respective to each individual 
expert panel member.

Individual disclosures for the NCCN Non-Hodgkin’s Lympho-
mas Guidelines Panel members can be found on page 334. (To 
view the most recent version of these guidelines and accom-
panying disclosures, visit the NCCN Web site at NCCN.org.

These guidelines are also available on the Internet. For the 
latest update, please visit NCCN.org.
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The incidence of NHL increased dramatically 
between 1970 and 1995; the increase has moderated 
since the mid-1990s. This increase has been attributed 
partly to the HIV epidemic and the development of 
AIDS-related NHL. However, much of the increased 
incidence has been observed in patients in their sixth 
and seventh decades, and has largely paralleled a major 
decrease in mortality from other causes. Because the 
median age of individuals with NHL has risen in the 
past 2 decades,2 patients with NHL may also have sig-
nificant comorbid conditions, which can complicate 
treatment options.
NOTE: This manuscript highlights only a portion of the 
NCCN Non-Hodgkin’s Lymphoma Guidelines. Please 
refer to www.NCCN.org for the complete guidelines.

Classification
In the 1956, Rappaport et al.3 proposed a lymphoma 
classification based on the pattern of cell growth 
(nodular or diffuse), and size and shape of the tumor 
cells.4 This classification, although widely used in the 
United States, quickly became outdated with the dis-
covery and existence of distinct types of lymphocytes 
(B, T, and NK). The Kiel classification, which divid-
ed the lymphomas into low- and high-grade based on 
histologic features, became the first and most signifi-
cant classification system to apply this new informa-
tion to lymphomas.5–7 This classification was widely 
used in Europe. However, the use of different classi-
fication systems in clinical studies made it difficult to 
compare results. Hence, the International Working 
Formulation (IWF) for NHLs was developed to stan-
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Non-Hodgkin’s Lymphomas Version 1:2010

Clinical trials: The NCCN believes that the best management for any cancer patient is in a clinical trial. Participation in clinical trials is especially encouraged. 
All recommendations are category 2A unless otherwise noted.

BURKITT’S LYMPHOMA

DIAGNOSISa,b WORKUP

a

b

WHO 2008 classification recognizes that it may not always be possible to distinguish between DLBCL and Burkitt's lymphoma. Where it is not possible 
to distinguish, aggressive therapy per this guideline is appropriate in selected cases.
This disease is complex and curative; it is preferred that treatment occur at centers with expertise in the management of the disease.
Typical immunophenotype: sIg+, CD10+, +, TdT-, Ki67+ (100%), BCL2-, BCL6+, MYC rearrangement only by cytogenetics or FISH.c CD20

ESSENTIAL:

USEFUL UNDER CERTAIN CIRCUMSTANCES:

Hematopathology review of all slides with at least one
paraffin block representative of the tumor. Rebiopsy if consult
material is nondiagnostic.

Adequate immunophenotyping to establish diagnosis
Paraffin panel: CD45 (LCA), CD20, CD3, CD10, Ki-67,
BLC2, BCL6, TdT
or
Cell surface marker analysis by flow cytometry:
kappa/lambda, CD45, CD20, CD3, CD5, CD19, CD10,
TdT

Additional immunohistochemical studies to establish
lymphoma subtype

Frozen: kappa/lambda
Paraffin panel: TdT, kappa/lambda, ISH for EBER

Molecular genetic analysis to detect: antigen receptor gene
rearrangements; MYC rearrangement

An FNA or core needle biopsy alone is generally not suitable
for the initial diagnosis of lymphoma. In certain
circumstances, when a lymph node is not easily accessible
for excisional or incisional biopsy, a combination of core
biopsy and FNA biopsies in conjunction with appropriate
ancillary techniques for the differential diagnosis
(immunohistochemistry, flow cytometry, PCR for IgH and
TCR gene rearrangements, and FISH for major
translocations) may be sufficient for diagnosis.

Cytogenetics or FISH: t(8;14) or variants; MYC; IgH; BCL2;
BCL6 rearrangements

c,d

ESSENTIAL:

USEFUL IN SELECTED CASES:
Neck CT
Discussion of fertility issues and sperm banking
Beta-2-microglobulin
PET-CT scan
Flow cytometry of cerebrospinal fluid

Physical exam: attention to node-bearing areas, including
Waldeyer’s ring, and to size of liver and spleen
Performance status
B symptoms
CBC, differential, platelets
LDH
Comprehensive metabolic panel
Uric acid

Lumbar puncture
Unilateral or bilateral bone marrow biopsy ± aspirate

Chest/abdominal/pelvic CT with contrast of diagnostic
quality

HIV testing
Hepatitis B testing
MUGA scan/echocardiogram
Pregnancy testing in women of child-bearing age
(if chemotherapy planned)

e
f

g

d
e

f
g

See Use of Immunophenotyping in Differential Diagnosis of Mature B-cell and T/NK-cell Neoplasms (pages 301-308).
Hepatitis B testing is indicated because of the risk for reactivation with immunotherapy + chemotherapy.Tests include hepatitis B surface antigen and
core antibody for patients with no risk factors. For patients with risk factors or previous history of hepatitis B, add e-antigen. If positive, check viral load
and consult with gastroenterologist.

If treatment includes regimens containing anthracyclines or anthracenediones.
Initiation of therapy should not be delayed in order to obtain a PET-CT scan.

h
i
j

Clinical trials may include high dose therapy with allogeneic or autologous stem cell rescue.
See Response Criteria for Lymphoma (pages 310 and 311).
Relapse after 2 years is rare; therefore, follow-up should be individualized according to patient characteristics.

INDUCTION
THERAPY

Low-risk
Normal LDH
Completely resected
abdominal lesion or single
extra-abdominal mass
< 10 cm

High-risk

RISK ASSESSMENT

Clinical trial
or

h

See Suggested
Regimens (page 292)

Follow-up after complete
response:
every 2-3 mo for 1 y,
then every 3 mo for 1 y,
then every 6 moj

Observe

or

Consolidation in
clinical trial

INITIAL RESPONSE

Prophylaxis for tumor lysis syndrome
is mandatory (see page 309)

Follow-up after
complete response:
every 2-3 mo for 1 y,
then every 3 mo for 1 y,
then every 6 moj

Complete
responsei

< Complete
responsei

Complete
responsei

< Complete
responsei

Clinical trial
or

h

See Suggested
Regimens (page 292)

Clinical trial
or
Best supportive
care

Clinical trial
or
Individual
approach
or

h

Palliative RT

RELAPSE

Clinical trial
or
Best supportive
care

Clinical trial
or
Individual
approach

h

or
Palliative RT
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BURKITT’S LYMPHOMA

DIAGNOSISa,b WORKUP

a

b

WHO 2008 classification recognizes that it may not always be possible to distinguish between DLBCL and Burkitt's lymphoma. Where it is not possible 
to distinguish, aggressive therapy per this guideline is appropriate in selected cases.
This disease is complex and curative; it is preferred that treatment occur at centers with expertise in the management of the disease.
Typical immunophenotype: sIg+, CD10+, +, TdT-, Ki67+ (100%), BCL2-, BCL6+, MYC rearrangement only by cytogenetics or FISH.c CD20

ESSENTIAL:

USEFUL UNDER CERTAIN CIRCUMSTANCES:

Hematopathology review of all slides with at least one
paraffin block representative of the tumor. Rebiopsy if consult
material is nondiagnostic.

Adequate immunophenotyping to establish diagnosis
Paraffin panel: CD45 (LCA), CD20, CD3, CD10, Ki-67,
BLC2, BCL6, TdT
or
Cell surface marker analysis by flow cytometry:
kappa/lambda, CD45, CD20, CD3, CD5, CD19, CD10,
TdT

Additional immunohistochemical studies to establish
lymphoma subtype

Frozen: kappa/lambda
Paraffin panel: TdT, kappa/lambda, ISH for EBER

Molecular genetic analysis to detect: antigen receptor gene
rearrangements; MYC rearrangement

An FNA or core needle biopsy alone is generally not suitable
for the initial diagnosis of lymphoma. In certain
circumstances, when a lymph node is not easily accessible
for excisional or incisional biopsy, a combination of core
biopsy and FNA biopsies in conjunction with appropriate
ancillary techniques for the differential diagnosis
(immunohistochemistry, flow cytometry, PCR for IgH and
TCR gene rearrangements, and FISH for major
translocations) may be sufficient for diagnosis.

Cytogenetics or FISH: t(8;14) or variants; MYC; IgH; BCL2;
BCL6 rearrangements

c,d

ESSENTIAL:

USEFUL IN SELECTED CASES:
Neck CT
Discussion of fertility issues and sperm banking
Beta-2-microglobulin
PET-CT scan
Flow cytometry of cerebrospinal fluid

Physical exam: attention to node-bearing areas, including
Waldeyer’s ring, and to size of liver and spleen
Performance status
B symptoms
CBC, differential, platelets
LDH
Comprehensive metabolic panel
Uric acid

Lumbar puncture
Unilateral or bilateral bone marrow biopsy ± aspirate

Chest/abdominal/pelvic CT with contrast of diagnostic
quality

HIV testing
Hepatitis B testing
MUGA scan/echocardiogram
Pregnancy testing in women of child-bearing age
(if chemotherapy planned)

e
f

g

d
e

f
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See Use of Immunophenotyping in Differential Diagnosis of Mature B-cell and T/NK-cell Neoplasms (pages 301-308).
Hepatitis B testing is indicated because of the risk for reactivation with immunotherapy + chemotherapy.Tests include hepatitis B surface antigen and
core antibody for patients with no risk factors. For patients with risk factors or previous history of hepatitis B, add e-antigen. If positive, check viral load
and consult with gastroenterologist.

If treatment includes regimens containing anthracyclines or anthracenediones.
Initiation of therapy should not be delayed in order to obtain a PET-CT scan.

h
i
j

Clinical trials may include high dose therapy with allogeneic or autologous stem cell rescue.
See Response Criteria for Lymphoma (pages 310 and 311).
Relapse after 2 years is rare; therefore, follow-up should be individualized according to patient characteristics.
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Clinical trials: The NCCN believes that the best management for any cancer patient is in a clinical trial. Participation in clinical trials is especially encouraged. 
All recommendations are category 2A unless otherwise noted.

BURKITT’S LYMPHOMA

Low-Risk: Combination Regimens

High-Risk: Combination Regimens

CALGB 9251 regimen (cyclophosphamide and prednisone followed by cycles containing either ifosfamide or cyclophosphamide;
high-dose methotrexate, leucovorin, vincristine, dexamethasone, and either doxorubicin, etoposide, or cytarabine; or intrathecal
triple therapy [methotrexate, cytarabine, and hydrocortisone])

Dose-adjusted EPOCH (etoposide, prednisone, vincristine, cyclophosphamide, doxorubicin) + rituximab (minimum 3 cycles with
one additional cycle beyond CR). Regimen includes intrathecal methotrexate.

CALGB 9251 regimen (cyclophosphamide and prednisone followed by cycles containing either ifosfamide or cyclophosphamide;
high-dose methotrexate, leucovorin, vincristine, dexamethasone, and either doxorubicin, etoposide, or cytarabine; or intrathecal
triple therapy [methotrexate, cytarabine, and hydrocortisone] with prophylactic CNS irradiation in select patients)
CODOX-M (original or modified; cyclophosphamide, doxorubicin, vincristine with intrathecal methotrexate and cytarabine
followed by high-dose systemic methotrexate) alternating with IVAC (ifosfamide, cytarabine, etoposide, and intrathecal
methotrexate) ± rituximab
Dose-adjusted EPOCH (etoposide, prednisone, vincristine, cyclophosphamide, doxorubicin) + rituximab (for high-risk patients not
able to tolerate aggressive treatments). Regimen includes intrathecal methotrexate.
HyperCVAD (cyclophospuhamide, vincristine, doxorubicin, and dexamethasone) alternating with high-dose methotrexate and
cytarabine ± rituximab

CODOX-M (original or modified; cyclophosphamide, doxorubicin, vincristine with intrathecal methotrexate and cytarabine
followed by high-dose systemic methotrexate) ± rituximab (3 cycles)

HyperCVAD (cyclophosphamide, vincristine, doxorubicin, and dexamethasone) alternating with high-dose methotrexate and
cytarabine + rituximab

b

CHOP is not adequate therapy.

a
b

See references for regimens on facing page.
Data are for patients without CNS disease.

SUGGESTED TREATMENT REGIMENS
(in alphabetical order)

a

See Rituximab and Viral Reactivation (page 312)Consider SCT for patients in relapse

SUGGESTED TREATMENT REGIMENS
References

Low-Risk: Combination Regimens

High-Risk: Combination Regimens

CALGB 9251

Dose-adjusted EPOCH plus rituximab (regimen includes IT methotrexate)

CALGB 9251

Dose-adjusted EPOCH plus rituximab (regimen includes IT methotrexate)

Lee EJ, Petroni GR, Schiffer CA, et al. Brief-duration high-intensity chemotherapy for patients with small noncleaved-cell lymphoma
or FAB L3 acute lymphocytic leukemia: results of Cancer and Leukemia Group B study 9251. J Clin Oncol 2001;19:4014-4022.
Rizzieri DA, Johnson JL, Niedzwiecki D, et al. Intensive chemotherapy with and without cranial radiation for Burkitt leukemia and
lymphoma: final results of Cancer and Leukemia Group B study 9251. Cancer 2004;100:1438-1448.

Dunleavy K, Little, RF, Pittaluga S, et al. A prospective study of dose-adjusted (DA) EPOCH with rituximab in adult patients with
newly diagnosed Burkitt lymphoma: a regimen with high efficacy and low toxicity  [abstract]. Ann Oncol 2008;19(Suppl 4):iv83-84.
Abstract 9.

Lee EJ, Petroni GR, Schiffer CA, et al. Brief-duration high-intensity chemotherapy for patients with small noncleaved-cell lymphoma
or FAB L3 acute lymphocytic leukemia: results of Cancer and Leukemia Group B study 9251. J Clin Oncol 2001;19:4014-4022.
Rizzieri DA, Johnson JL, Niedzwiecki D, et al. Intensive chemotherapy with and without cranial radiation for Burkitt leukemia and
lymphoma: final results of Cancer and Leukemia Group B study 9251. Cancer 2004;100:1438-1448.

Dunleavy K, Little, RF, Pittaluga S, et al. A prospective study of dose-adjusted (DA) EPOCH with rituximab in adult patients with
newly diagnosed Burkitt lymphoma: a regimen with high efficacy and low toxicity [abstract]. Ann Oncol 2008;19(Suppl 4):iv83-iv84.
Abstract 9.

CODOX-M (original or modified; cyclophosphamide, doxorubicin, vincristine with intrathecal methotrexate and cytarabine
followed by high-dose systemic methotrexate) ± rituximab

HyperCVAD (cyclophosphamide, vincristine, doxorubicin, and dexamethasone) alternating with high-dose methotrexate
and cytarabine + rituximab

CODOX-M (original or modified; cyclophosphamide, doxorubicin, vincristine with intrathecal methotrexate and cytarabine
followed by high-dose systemic methotrexate) alternating with IVAC (ifosfamide, cytarabine, etoposide and intrathecal
methotrexate) ± rituximab

HyperCVAD (cyclophospuhamide, vincristine, doxorubicin, and dexamethasone) alternating with high-dose methotrexate
and cytarabine  ± rituximab

LaCasce A, Howard O, Lib S, et al. Modified magrath regimens for adults with Burkitt and Burkitt-like lymphoma: preserved efficacy
with decreased toxicity. Leuk Lymphoma 2004;45:761-767.
Mead GM, Sydes MR, Walewski J, et al. An international evaluation of CODOX-M and CODOX-M alternating with IVAC in adult
Burkitt's lymphoma: results of United Kingdom Lymphoma Group LY06 study. Ann Oncol 2002;13:1264-1274.

Thomas DA, Faderl S, O'Brien S, et al. Chemoimmunotherapy with hyper-CVAD plus rituximab for the treatment of adult Burkitt and
Burkitt-type lymphoma or acute lymphoblastic leukemia. Cancer 2006;106:1569-1580.

LaCasce A, Howard O, Lib S, et al. Modified magrath regimens for adults with Burkitt and Burkitt-like lymphoma: preserved efficacy
with decreased toxicity. Leuk Lymphoma 2004;45:761-767.
Mead GM, Sydes MR, Walewski J, et al. An international evaluation of CODOX-M and CODOX-M alternating with IVAC in adult
Burkitt's lymphoma: results of United Kingdom Lymphoma Group LY06 study. Ann Oncol 2002;13:1264-1274.

Thomas DA, Faderl S, O'Brien S, et al. Chemoimmunotherapy with hyper-CVAD plus rituximab for the treatment of adult Burkitt and
Burkitt-type lymphoma or acute lymphoblastic leukemia. Cancer 2006;106:1569-1580.
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BURKITT’S LYMPHOMA

Low-Risk: Combination Regimens

High-Risk: Combination Regimens

CALGB 9251 regimen (cyclophosphamide and prednisone followed by cycles containing either ifosfamide or cyclophosphamide;
high-dose methotrexate, leucovorin, vincristine, dexamethasone, and either doxorubicin, etoposide, or cytarabine; or intrathecal
triple therapy [methotrexate, cytarabine, and hydrocortisone])

Dose-adjusted EPOCH (etoposide, prednisone, vincristine, cyclophosphamide, doxorubicin) + rituximab (minimum 3 cycles with
one additional cycle beyond CR). Regimen includes intrathecal methotrexate.

CALGB 9251 regimen (cyclophosphamide and prednisone followed by cycles containing either ifosfamide or cyclophosphamide;
high-dose methotrexate, leucovorin, vincristine, dexamethasone, and either doxorubicin, etoposide, or cytarabine; or intrathecal
triple therapy [methotrexate, cytarabine, and hydrocortisone] with prophylactic CNS irradiation in select patients)
CODOX-M (original or modified; cyclophosphamide, doxorubicin, vincristine with intrathecal methotrexate and cytarabine
followed by high-dose systemic methotrexate) alternating with IVAC (ifosfamide, cytarabine, etoposide, and intrathecal
methotrexate) ± rituximab
Dose-adjusted EPOCH (etoposide, prednisone, vincristine, cyclophosphamide, doxorubicin) + rituximab (for high-risk patients not
able to tolerate aggressive treatments). Regimen includes intrathecal methotrexate.
HyperCVAD (cyclophospuhamide, vincristine, doxorubicin, and dexamethasone) alternating with high-dose methotrexate and
cytarabine ± rituximab

CODOX-M (original or modified; cyclophosphamide, doxorubicin, vincristine with intrathecal methotrexate and cytarabine
followed by high-dose systemic methotrexate) ± rituximab (3 cycles)

HyperCVAD (cyclophosphamide, vincristine, doxorubicin, and dexamethasone) alternating with high-dose methotrexate and
cytarabine + rituximab

b

CHOP is not adequate therapy.

a
b

See references for regimens on facing page.
Data are for patients without CNS disease.

SUGGESTED TREATMENT REGIMENS
(in alphabetical order)

a

See Rituximab and Viral Reactivation (page 312)Consider SCT for patients in relapse

SUGGESTED TREATMENT REGIMENS
References

Low-Risk: Combination Regimens

High-Risk: Combination Regimens

CALGB 9251

Dose-adjusted EPOCH plus rituximab (regimen includes IT methotrexate)

CALGB 9251

Dose-adjusted EPOCH plus rituximab (regimen includes IT methotrexate)

Lee EJ, Petroni GR, Schiffer CA, et al. Brief-duration high-intensity chemotherapy for patients with small noncleaved-cell lymphoma
or FAB L3 acute lymphocytic leukemia: results of Cancer and Leukemia Group B study 9251. J Clin Oncol 2001;19:4014-4022.
Rizzieri DA, Johnson JL, Niedzwiecki D, et al. Intensive chemotherapy with and without cranial radiation for Burkitt leukemia and
lymphoma: final results of Cancer and Leukemia Group B study 9251. Cancer 2004;100:1438-1448.

Dunleavy K, Little, RF, Pittaluga S, et al. A prospective study of dose-adjusted (DA) EPOCH with rituximab in adult patients with
newly diagnosed Burkitt lymphoma: a regimen with high efficacy and low toxicity  [abstract]. Ann Oncol 2008;19(Suppl 4):iv83-84.
Abstract 9.

Lee EJ, Petroni GR, Schiffer CA, et al. Brief-duration high-intensity chemotherapy for patients with small noncleaved-cell lymphoma
or FAB L3 acute lymphocytic leukemia: results of Cancer and Leukemia Group B study 9251. J Clin Oncol 2001;19:4014-4022.
Rizzieri DA, Johnson JL, Niedzwiecki D, et al. Intensive chemotherapy with and without cranial radiation for Burkitt leukemia and
lymphoma: final results of Cancer and Leukemia Group B study 9251. Cancer 2004;100:1438-1448.

Dunleavy K, Little, RF, Pittaluga S, et al. A prospective study of dose-adjusted (DA) EPOCH with rituximab in adult patients with
newly diagnosed Burkitt lymphoma: a regimen with high efficacy and low toxicity [abstract]. Ann Oncol 2008;19(Suppl 4):iv83-iv84.
Abstract 9.

CODOX-M (original or modified; cyclophosphamide, doxorubicin, vincristine with intrathecal methotrexate and cytarabine
followed by high-dose systemic methotrexate) ± rituximab

HyperCVAD (cyclophosphamide, vincristine, doxorubicin, and dexamethasone) alternating with high-dose methotrexate
and cytarabine + rituximab

CODOX-M (original or modified; cyclophosphamide, doxorubicin, vincristine with intrathecal methotrexate and cytarabine
followed by high-dose systemic methotrexate) alternating with IVAC (ifosfamide, cytarabine, etoposide and intrathecal
methotrexate) ± rituximab

HyperCVAD (cyclophospuhamide, vincristine, doxorubicin, and dexamethasone) alternating with high-dose methotrexate
and cytarabine  ± rituximab

LaCasce A, Howard O, Lib S, et al. Modified magrath regimens for adults with Burkitt and Burkitt-like lymphoma: preserved efficacy
with decreased toxicity. Leuk Lymphoma 2004;45:761-767.
Mead GM, Sydes MR, Walewski J, et al. An international evaluation of CODOX-M and CODOX-M alternating with IVAC in adult
Burkitt's lymphoma: results of United Kingdom Lymphoma Group LY06 study. Ann Oncol 2002;13:1264-1274.

Thomas DA, Faderl S, O'Brien S, et al. Chemoimmunotherapy with hyper-CVAD plus rituximab for the treatment of adult Burkitt and
Burkitt-type lymphoma or acute lymphoblastic leukemia. Cancer 2006;106:1569-1580.

LaCasce A, Howard O, Lib S, et al. Modified magrath regimens for adults with Burkitt and Burkitt-like lymphoma: preserved efficacy
with decreased toxicity. Leuk Lymphoma 2004;45:761-767.
Mead GM, Sydes MR, Walewski J, et al. An international evaluation of CODOX-M and CODOX-M alternating with IVAC in adult
Burkitt's lymphoma: results of United Kingdom Lymphoma Group LY06 study. Ann Oncol 2002;13:1264-1274.

Thomas DA, Faderl S, O'Brien S, et al. Chemoimmunotherapy with hyper-CVAD plus rituximab for the treatment of adult Burkitt and
Burkitt-type lymphoma or acute lymphoblastic leukemia. Cancer 2006;106:1569-1580.
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Clinical trials: The NCCN believes that the best management for any cancer patient is in a clinical trial. Participation in clinical trials is especially encouraged. 
All recommendations are category 2A unless otherwise noted.

LYMPHOBLASTIC LYMPHOMA

DIAGNOSISa WORKUP

ESSENTIAL:
Hematopathology review of all slides with at least one paraffin block
representative of the tumor. Rebiopsy if consult material is
nondiagnostic.

Adequate immunophenotyping to establish diagnosis
Paraffin panel: CD45 (LCA), CD20, CD79a, CD3, CD2, CD5, TdT,
CD1a, CD10, cyclin D1
or
Cell surface marker analysis by flow cytometry: kappa/lambda,
CD45, CD3, CD5, CD19, , CD10, TdT,
CD13, CD33, CD1a, cytoplasmic CD3, CD22, myeloperoxidase

USEFUL UNDER CERTAIN CIRCUMSTANCES:
Additional immunohistochemical studies to establish lymphoma
subtype

Paraffin panel: CD22, CD4, CD8, cyclin D1
Molecular genetic analysis to detect antigen receptor gene
rearrangements
Cytogenetics or FISH: MYC; t(8;14) and variants

An FNA or core needle biopsy alone is not generally suitable for the
initial diagnosis of lymphoma. In certain circumstances, when a
lymph node is not easily accessible for excisional or incisional biopsy,
a combination of core biopsy and FNA biopsies in conjunction with
appropriate ancillary techniques for the differential diagnosis
(immunohistochemistry, flow cytometry, PCR for IgH and TCR gene
rearrangements, and FISH for major translocations) may be sufficient
for diagnosis.

CD4, CD7, CD8, CD20

Frozen: kappa/lambda

t(9;22);

b,c

ESSENTIAL:

Bilateral or unilateral bone marrow biopsy ±
aspirate with flow and cytogenetics

USEFUL IN SELECTED CASES:

Physical exam: attention to node-bearing areas,
including Waldeyer’s ring, and to size of liver and
spleen
Performance status
B symptoms
CBC, differential, platelets
LDH
Comprehensive metabolic panel
Uric acid, phosphate
Chest/abdominal/pelvic CT with contrast of
diagnostic quality
Lumbar puncture

Hepatitis B testing
MUGA scan/echocardiogram
Pregnancy testing in women of child-bearing age
(if chemotherapy planned)

Head MRI
Discussion of fertility issues and sperm banking
Beta-2-microglobulin
PET-CT scan
Flow cytometry of cerebrospinal fluid

d
e

f

a
b
c

This disease is complex and curative; it is preferred that treatment occur at centers with expertise in the management of the disease.
Typical immunophenotype: LBL-B: sIg-, CD10+/-, CD19+, CD20-/+, TdT+. LBL-T: sIg-, CD10-, CD19/20-, CD3-/+, CD4/8+/+, CD1a+/-, TdT+, CD2+, CD7+.
See Use of Immunophenotyping in Differential Diagnosis of Mature B-Cell and T/NK-Cell Neoplasms (pages 301-308).
Hepatitis B testing is indicated because of the risk for reactivation with immunotherapy + chemotherapy. Tests include hepatitis B surface antigen and core
antibody for a patient with no risk factors. For patients with risk factors or previous history of hepatitis B, add e-antigen. If positive, check viral load and
consult with gastroenterologist.

If treatment includes regimens containing anthracyclines or anthracenediones.
nitiation of therapy should not be delayed in order to obtain a PET-CT scan.

d

e
fI

INDUCTION
THERAPY

INITIAL RESPONSE

Stage I–IV
(disease is
considered to
be systemic)

CLINICAL
ASSESSMENT

Complete
response
(PET-negative)

h

Clinical trial
or

g

See Suggested
Treatment
Regimens (pages
296 and 297) 

Observe
or
Clinical trialg

Partial
responseh

(PET-positive)

g
h

For poor-risk patients, consideration of high-dose therapy with autologous or allogeneic stem cell rescue is appropriate.
See Response Criteria for Lymphoma (pages 310 and 311).

Prophylaxis for tumor lysis syndrome is
mandatory (see page 309)

Biopsy
negative

Rebiopsy to
confirm
disease

Biopsy
positive

Clinical trial
or
Consider RT

g

Relapse

RELAPSE

Attempt reinduction
with combination
chemotherapy
or
Allogeneic HSCT
or
Clinical trial

Allogeneic
HSCT
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LYMPHOBLASTIC LYMPHOMA

DIAGNOSISa WORKUP

ESSENTIAL:
Hematopathology review of all slides with at least one paraffin block
representative of the tumor. Rebiopsy if consult material is
nondiagnostic.

Adequate immunophenotyping to establish diagnosis
Paraffin panel: CD45 (LCA), CD20, CD79a, CD3, CD2, CD5, TdT,
CD1a, CD10, cyclin D1
or
Cell surface marker analysis by flow cytometry: kappa/lambda,
CD45, CD3, CD5, CD19, , CD10, TdT,
CD13, CD33, CD1a, cytoplasmic CD3, CD22, myeloperoxidase

USEFUL UNDER CERTAIN CIRCUMSTANCES:
Additional immunohistochemical studies to establish lymphoma
subtype

Paraffin panel: CD22, CD4, CD8, cyclin D1
Molecular genetic analysis to detect antigen receptor gene
rearrangements
Cytogenetics or FISH: MYC; t(8;14) and variants

An FNA or core needle biopsy alone is not generally suitable for the
initial diagnosis of lymphoma. In certain circumstances, when a
lymph node is not easily accessible for excisional or incisional biopsy,
a combination of core biopsy and FNA biopsies in conjunction with
appropriate ancillary techniques for the differential diagnosis
(immunohistochemistry, flow cytometry, PCR for IgH and TCR gene
rearrangements, and FISH for major translocations) may be sufficient
for diagnosis.

CD4, CD7, CD8, CD20

Frozen: kappa/lambda

t(9;22);

b,c

ESSENTIAL:

Bilateral or unilateral bone marrow biopsy ±
aspirate with flow and cytogenetics

USEFUL IN SELECTED CASES:

Physical exam: attention to node-bearing areas,
including Waldeyer’s ring, and to size of liver and
spleen
Performance status
B symptoms
CBC, differential, platelets
LDH
Comprehensive metabolic panel
Uric acid, phosphate
Chest/abdominal/pelvic CT with contrast of
diagnostic quality
Lumbar puncture

Hepatitis B testing
MUGA scan/echocardiogram
Pregnancy testing in women of child-bearing age
(if chemotherapy planned)

Head MRI
Discussion of fertility issues and sperm banking
Beta-2-microglobulin
PET-CT scan
Flow cytometry of cerebrospinal fluid

d
e

f

a
b
c

This disease is complex and curative; it is preferred that treatment occur at centers with expertise in the management of the disease.
Typical immunophenotype: LBL-B: sIg-, CD10+/-, CD19+, CD20-/+, TdT+. LBL-T: sIg-, CD10-, CD19/20-, CD3-/+, CD4/8+/+, CD1a+/-, TdT+, CD2+, CD7+.
See Use of Immunophenotyping in Differential Diagnosis of Mature B-Cell and T/NK-Cell Neoplasms (pages 301-308).
Hepatitis B testing is indicated because of the risk for reactivation with immunotherapy + chemotherapy. Tests include hepatitis B surface antigen and core
antibody for a patient with no risk factors. For patients with risk factors or previous history of hepatitis B, add e-antigen. If positive, check viral load and
consult with gastroenterologist.

If treatment includes regimens containing anthracyclines or anthracenediones.
nitiation of therapy should not be delayed in order to obtain a PET-CT scan.

d

e
fI

INDUCTION
THERAPY

INITIAL RESPONSE

Stage I–IV
(disease is
considered to
be systemic)

CLINICAL
ASSESSMENT

Complete
response
(PET-negative)

h

Clinical trial
or

g

See Suggested
Treatment
Regimens (pages
296 and 297) 

Observe
or
Clinical trialg

Partial
responseh

(PET-positive)

g
h

For poor-risk patients, consideration of high-dose therapy with autologous or allogeneic stem cell rescue is appropriate.
See Response Criteria for Lymphoma (pages 310 and 311).

Prophylaxis for tumor lysis syndrome is
mandatory (see page 309)

Biopsy
negative

Rebiopsy to
confirm
disease

Biopsy
positive

Clinical trial
or
Consider RT

g

Relapse

RELAPSE

Attempt reinduction
with combination
chemotherapy
or
Allogeneic HSCT
or
Clinical trial

Allogeneic
HSCT
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LYMPHOBLASTIC LYMPHOMA

SUGGESTED TREATMENT REGIMENSa

(in alphabetical order)

Augmented BFM Regimen:
Induction I:

Induction II:

Consolidation I:

Reinduction I

Reinduction II

Consolidation II

Prednisone, vincristine, daunorubicin, L-asparaginase,
methotrexate (IT)

Cyclophosphamide, cytarabine, 6-mercaptopurine,
methotrexate (IT)

Cytarabine, mitoxantrone, methotrexate, asparaginase,
6-mercaptopurine

Prednisolone, vincristine, doxorubicin
Triple prophylaxis: methotrexate, cytarabine,
dexamethasone

Cyclophosphamide, cytarabine, 6-thioguanine
Triple prophylaxis: methotrexate, cytarabine,
dexamethasone

Etoposide, cytarabine
Cyclophosphamide, cytarabine

BFM (Berlin–Frankfurt–Munster)
:

Induction phase:

Consolidation phase (5 wk):

Interim maintenance phase (8 wk):

Delayed intensification (7 wk):

- Dexamethasone, vincristine, doxorubicin

- L-asparaginase, vincristine, cyclophosphamide,
thioguanine, cytarabine, intrathecal methotrexate

Long-term maintenance (12 wk):

Standard BFM Regimen

Vincristine, daunomycin, prednisone, L-asparaginase,
cytarabine (IT), methotrexate (IT)

Prednisone, cyclophosphamide, mercaptopurine,
vincristine, cytarabine, methotrexate (IT), RT

Mercaptopurine and methotrexate (PO)

Reinduction phase (4 wk):

Reconsolidation phase (3 wk):

Vincristine, prednisone, mercaptopurine, methotrexate
(PO and IT)

CALGB ALL Regimen

Hyper-CVAD

LMB-86 Regimen

Induction therapy (4 wk):
Cyclophosphamide, daunorubicin, vincristine, prednisone, L-asparaginase
For patients ≥ 60 years: cyclophosphamide, daunorubicin, prednisone

Intrathecal methotrexate, cyclophosphamide, 6-mercaptopurine, cytarabine, vincristine, L-asparaginase

Cranial irradiation in select cases, methotrexate (IT), 6-mercaptopurine, methotrexate (PO)

Doxorubicin, vincristine, dexamethasone, cyclophosphamide, 6-thioguanine, cytarabine

Vincristine, prednisone, methotrexate (PO), 6-mercaptopurine

6-mercaptopurine, methotrexate, vincristine, prednisone (POMP)

COP (cyclophosphamide, vincristine, prednisone)

COPADM (cyclophosphamide, vincristine, prednisone, doxorubicin, high-dose methotrexate)

CYVE (cytarabine and etoposide; regimen includes high-dose cytrabine)

Early intensification (4 wk):

CNS prophylaxis and interim maintenance:

Late intensification (8 wk):

Prolonged maintenance (until 24 mo from diagnosis):

(cyclophosphamide, vincristine, doxorubicin, dexamethasone) alternating with methotrexate + cytarabine,
including intrathecal methotrexate

Maintenance therapy

In cases of CD20+ ( 20%) acute lymphoblastic lymphoma (ALL), the addition of rituximab should be considered.
In cases of Philadelphia chromosome-positive ALL, imatinib should be incorporated into regimen.

Cytoreductive therapy

Induction therapy

Consolidation therapy

b

Maintenance Chemotherapy
Up to 2 y of maintenance based on the treatment protocol is recommended

a
b

See references for regimens on facing page.
For T-cell lymphoblastic lymphomas with primary mediastinal presentation, residual masses are irradiated.

BFM (Berlin–Frankfurt–Munster)
Standard BFM

Augmented BFM

CALGB ALL

Hyper-CVAD (cyclophosphamide, vincristine, doxorubicin, and dexamethasone alternating with high-dose
methotrexate-cytarabine) followed by POMP (mercaptopurine, methotrexate, vincristine, and prednisone) maintenance

LMB-86

Stock W, La M, Sanford B, et al. What determines the outcomes for adolescents and young adults with acute lymphoblastic
leukemia treated on cooperative group protocols? A comparison of Children's Cancer Group and Cancer and Leukemia Group B
studies. Blood 2008;112:1646-1654.

Hoelzer D, Gokbuget N, Digel W, et al. Outcome of adult patients with T-lymphoblastic lymphoma treated according to protocols
for acute lymphoblastic leukemia. Blood 2002;99:4379-4385.

Larson R, Dodge R, Burns C, et al. A five-drug remission induction regimen with intensive consolidation for adults with acute
lymphoblastic leukemia: cancer and leukemia group B study 8811. Blood 1995;85:2025-2037.

Kantarjian HM, O'Brien S, Smith TL, et al. Results of treatment with hyper-CVAD, a dose-intensive regimen, in adult acute
lymphocytic leukemia. J Clin Oncol 2000;18:547-561.
Thomas DA, O'Brien S, Cortes J, et al. Outcome with the hyper-CVAD regimens in lymphoblastic lymphoma. Blood
2004;104:1624-1630.

Soussain C, Patte C, Ostronoff M, et al. Small noncleaved cell lymphoma and leukemia in adults. A retrospective study of 65
adults treated with the LMB pediatric protocols. Blood 1995;85:664-674.
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LYMPHOBLASTIC LYMPHOMA

SUGGESTED TREATMENT REGIMENSa

(in alphabetical order)

Augmented BFM Regimen:
Induction I:

Induction II:

Consolidation I:

Reinduction I

Reinduction II

Consolidation II

Prednisone, vincristine, daunorubicin, L-asparaginase,
methotrexate (IT)

Cyclophosphamide, cytarabine, 6-mercaptopurine,
methotrexate (IT)

Cytarabine, mitoxantrone, methotrexate, asparaginase,
6-mercaptopurine

Prednisolone, vincristine, doxorubicin
Triple prophylaxis: methotrexate, cytarabine,
dexamethasone

Cyclophosphamide, cytarabine, 6-thioguanine
Triple prophylaxis: methotrexate, cytarabine,
dexamethasone

Etoposide, cytarabine
Cyclophosphamide, cytarabine

BFM (Berlin–Frankfurt–Munster)
:

Induction phase:

Consolidation phase (5 wk):

Interim maintenance phase (8 wk):

Delayed intensification (7 wk):

- Dexamethasone, vincristine, doxorubicin

- L-asparaginase, vincristine, cyclophosphamide,
thioguanine, cytarabine, intrathecal methotrexate

Long-term maintenance (12 wk):

Standard BFM Regimen

Vincristine, daunomycin, prednisone, L-asparaginase,
cytarabine (IT), methotrexate (IT)

Prednisone, cyclophosphamide, mercaptopurine,
vincristine, cytarabine, methotrexate (IT), RT

Mercaptopurine and methotrexate (PO)

Reinduction phase (4 wk):

Reconsolidation phase (3 wk):

Vincristine, prednisone, mercaptopurine, methotrexate
(PO and IT)

CALGB ALL Regimen

Hyper-CVAD

LMB-86 Regimen

Induction therapy (4 wk):
Cyclophosphamide, daunorubicin, vincristine, prednisone, L-asparaginase
For patients ≥ 60 years: cyclophosphamide, daunorubicin, prednisone

Intrathecal methotrexate, cyclophosphamide, 6-mercaptopurine, cytarabine, vincristine, L-asparaginase

Cranial irradiation in select cases, methotrexate (IT), 6-mercaptopurine, methotrexate (PO)

Doxorubicin, vincristine, dexamethasone, cyclophosphamide, 6-thioguanine, cytarabine

Vincristine, prednisone, methotrexate (PO), 6-mercaptopurine

6-mercaptopurine, methotrexate, vincristine, prednisone (POMP)

COP (cyclophosphamide, vincristine, prednisone)

COPADM (cyclophosphamide, vincristine, prednisone, doxorubicin, high-dose methotrexate)

CYVE (cytarabine and etoposide; regimen includes high-dose cytrabine)

Early intensification (4 wk):

CNS prophylaxis and interim maintenance:

Late intensification (8 wk):

Prolonged maintenance (until 24 mo from diagnosis):

(cyclophosphamide, vincristine, doxorubicin, dexamethasone) alternating with methotrexate + cytarabine,
including intrathecal methotrexate

Maintenance therapy

In cases of CD20+ ( 20%) acute lymphoblastic lymphoma (ALL), the addition of rituximab should be considered.
In cases of Philadelphia chromosome-positive ALL, imatinib should be incorporated into regimen.

Cytoreductive therapy

Induction therapy

Consolidation therapy

b

Maintenance Chemotherapy
Up to 2 y of maintenance based on the treatment protocol is recommended

a
b

See references for regimens on facing page.
For T-cell lymphoblastic lymphomas with primary mediastinal presentation, residual masses are irradiated.

BFM (Berlin–Frankfurt–Munster)
Standard BFM

Augmented BFM

CALGB ALL

Hyper-CVAD (cyclophosphamide, vincristine, doxorubicin, and dexamethasone alternating with high-dose
methotrexate-cytarabine) followed by POMP (mercaptopurine, methotrexate, vincristine, and prednisone) maintenance

LMB-86

Stock W, La M, Sanford B, et al. What determines the outcomes for adolescents and young adults with acute lymphoblastic
leukemia treated on cooperative group protocols? A comparison of Children's Cancer Group and Cancer and Leukemia Group B
studies. Blood 2008;112:1646-1654.

Hoelzer D, Gokbuget N, Digel W, et al. Outcome of adult patients with T-lymphoblastic lymphoma treated according to protocols
for acute lymphoblastic leukemia. Blood 2002;99:4379-4385.

Larson R, Dodge R, Burns C, et al. A five-drug remission induction regimen with intensive consolidation for adults with acute
lymphoblastic leukemia: cancer and leukemia group B study 8811. Blood 1995;85:2025-2037.

Kantarjian HM, O'Brien S, Smith TL, et al. Results of treatment with hyper-CVAD, a dose-intensive regimen, in adult acute
lymphocytic leukemia. J Clin Oncol 2000;18:547-561.
Thomas DA, O'Brien S, Cortes J, et al. Outcome with the hyper-CVAD regimens in lymphoblastic lymphoma. Blood
2004;104:1624-1630.

Soussain C, Patte C, Ostronoff M, et al. Small noncleaved cell lymphoma and leukemia in adults. A retrospective study of 65
adults treated with the LMB pediatric protocols. Blood 1995;85:664-674.
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AIDS-RELATED B-CELL LYMPHOMAS

DIAGNOSIS WORKUP

ESSENTIAL:
Hematopathology review of all slides with at least one paraffin
block representative of the tumor. Rebiopsy if consult material
is nondiagnostic.

Adequate immunophenotyping to establish diagnosis

Cell surface marker analysis by flow cytometry:
kappa/lambda, CD45, CD3, CD5, CD19, CD10, TdT, CD14,
CD20

USEFUL UNDER CERTAIN CIRCUMSTANCES:
Additional immunohistochemical studies to establish
lymphoma subtype

DLBCL, Burkitt’s, plasmablastic, primary effusion:
CD10, BCL2, Ki-67, BCL6, CD138

Molecular genetic analysis to detect: antigen receptor gene
rearrangements; BCL2, BCL6, MYC rearrangements
Cytogenetics or FISH,

An FNA or core needle biopsy alone is not generally suitable
for the initial diagnosis of lymphoma. In certain circumstances,
when a lymph node is not easily accessible for excisional or
incisional biopsy, a combination of core biopsy and FNA
biopsies in conjunction with appropriate ancillary techniques
for the differential diagnosis (immunohistochemistry, flow
cytometry, PCR for IgH and TCR gene rearrangements, and
FISH for major translocations) may be sufficient for diagnosis.

Recommended panel for paraffin section
immunohistochemistry: CD45 (LCA), CD20, CD3, CD10,
BCL2, BCL6, Ki-67, CD138, kappa/lambda, HHV8
or

Epstein-Barr virus (EBER-ISH)

BCL2, BCL6, MYC

a

ESSENTIAL:
Physical exam: attention to node-bearing areas,
including Waldeyer’s ring, and to size of liver and spleen
Performance status
B symptoms
CBC, differential, platelets
LDH
Comprehensive metabolic panel
Uric acid, phosphate

Bone marrow biopsy ± aspirate
CD4 count
LP
Viral load

USEFUL IN SELECTED CASES:
UGI/barium enema/endoscopy
Neck CT
Plain bone radiographs and bone scan
Discussion of fertility issues and sperm banking
Stool guaiac, if anemic
Beta-2-microglobulin
Brain MRI with gadolinium, or head CT

Chest/abdominal/pelvic CT with contrast of diagnostic
quality
PET-CT scan

Hepatitis B testing
MUGA scan/echocardiogram
Pregnancy testing in women of child-bearing age (if
chemotherapy planned)

b
c

a
b

c

See Use of Immunophenotyping in Differential Diagnosis of Mature B-Cell and T/NK-Cell Neoplasms (pages 301-308).
Hepatitis B testing is indicated because of the risk for reactivation with immunotherapy + chemotherapy. Tests include hepatitis B surface antigen and core
antibody for a patient with no risk factors. For patients with risk factors or previous history of hepatitis B, add e-antigen. If positive, check viral load and
consult with gastroenterologist.

If treatment includes regimens containing anthracyclines or anthracenediones.

TREATMENT AND FOLLOW-UP

Burkitt’s lymphoma

Lymphoma associated with
Castleman’s disease
DLBCL
Primary effusion lymphomad

Primary CNS lymphoma

Consider high-dose methotrexate
Consider RT alone
Antiretrovirals
Best supportive care (see the NCCN Clinical Practice Guidelines
in Oncology: Palliative Care*)

*To view the most recent version of these guidelines, visit the NCCN Web site at www.NCCN.org.

d
e

g

Most cases are CD20-negative and addition of rituximab is not indicated.
See references for regimens page 300.

Prophylactic IT methotrexate is used at some institutions for all patients. At other NCCN institutions, patients with HIV-associated DLBCL receive IT
methotrexate in selective settings (paranasal sinus, testicular, epidural, bone marrow with large cell lymphoma, HIV-lymphoma, or 2 extranodal sites).

fPatients on active antiretrovirals with persistently low CD4 count of < 100 tend to have poor prognosis and higher risk for infection associated with the
addition of rituximab. Spina M, Jaeger U, Sparano JA, et al. Rituximab plus infusional cyclophosphamide, doxorubicin, and etoposide in HIV-associated
non-Hodgkin lymphoma: pooled results from 3 phase 2 trials. Blood 2005;105:1891-1897.

Suggested regimens: dose-adjusted EPOCH, CDE, CHOP, CDOP
(cyclophosphamide, liposomal doxorubicin, vincristine, prednisone)
Antiretrovirals
GCSF for all patients
Intrathecal therapy (IT)
If CD20+,

e

g

add rituximab with chemotherapyf

Antiretrovirals
Suggested regimens:

CODOX-M/IVAC: cyclophosphamide, vincristine, doxorubicin, high-dose
methotrexate alternating with ifosfamide, etoposide, high-dose cytarabine
± rituximab
Dose-adjusted EPOCH (etoposide, prednisone, vincristine,
cyclophosphamide, doxorubicin) ± rituximab (+ rituximab is for favorable
presentation)
CDE (cyclophosphamide, doxorubicin, etoposide) ± rituximabf (+ rituximab
is for favorable presentation)
Consider CHOP with high-dose methotrexate ± rituximab (+ rituximab is
for favorable presentation).

e

f

f

f

Avoid methotrexate dose > 3 g/m
GCSF for all patients

2

, HyperCVAD
Standard CHOP is not adequate therapy
Suggested regimens: CODOX-M/IVAC  EPOCH,

Antiretrovirals

e

Plasmablastic lymphoma

See Rituximab and Viral Reactivation (page 312)
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AIDS-RELATED B-CELL LYMPHOMAS

DIAGNOSIS WORKUP

ESSENTIAL:
Hematopathology review of all slides with at least one paraffin
block representative of the tumor. Rebiopsy if consult material
is nondiagnostic.

Adequate immunophenotyping to establish diagnosis

Cell surface marker analysis by flow cytometry:
kappa/lambda, CD45, CD3, CD5, CD19, CD10, TdT, CD14,
CD20

USEFUL UNDER CERTAIN CIRCUMSTANCES:
Additional immunohistochemical studies to establish
lymphoma subtype

DLBCL, Burkitt’s, plasmablastic, primary effusion:
CD10, BCL2, Ki-67, BCL6, CD138

Molecular genetic analysis to detect: antigen receptor gene
rearrangements; BCL2, BCL6, MYC rearrangements
Cytogenetics or FISH,

An FNA or core needle biopsy alone is not generally suitable
for the initial diagnosis of lymphoma. In certain circumstances,
when a lymph node is not easily accessible for excisional or
incisional biopsy, a combination of core biopsy and FNA
biopsies in conjunction with appropriate ancillary techniques
for the differential diagnosis (immunohistochemistry, flow
cytometry, PCR for IgH and TCR gene rearrangements, and
FISH for major translocations) may be sufficient for diagnosis.

Recommended panel for paraffin section
immunohistochemistry: CD45 (LCA), CD20, CD3, CD10,
BCL2, BCL6, Ki-67, CD138, kappa/lambda, HHV8
or

Epstein-Barr virus (EBER-ISH)

BCL2, BCL6, MYC

a

ESSENTIAL:
Physical exam: attention to node-bearing areas,
including Waldeyer’s ring, and to size of liver and spleen
Performance status
B symptoms
CBC, differential, platelets
LDH
Comprehensive metabolic panel
Uric acid, phosphate

Bone marrow biopsy ± aspirate
CD4 count
LP
Viral load

USEFUL IN SELECTED CASES:
UGI/barium enema/endoscopy
Neck CT
Plain bone radiographs and bone scan
Discussion of fertility issues and sperm banking
Stool guaiac, if anemic
Beta-2-microglobulin
Brain MRI with gadolinium, or head CT

Chest/abdominal/pelvic CT with contrast of diagnostic
quality
PET-CT scan

Hepatitis B testing
MUGA scan/echocardiogram
Pregnancy testing in women of child-bearing age (if
chemotherapy planned)

b
c

a
b

c

See Use of Immunophenotyping in Differential Diagnosis of Mature B-Cell and T/NK-Cell Neoplasms (pages 301-308).
Hepatitis B testing is indicated because of the risk for reactivation with immunotherapy + chemotherapy. Tests include hepatitis B surface antigen and core
antibody for a patient with no risk factors. For patients with risk factors or previous history of hepatitis B, add e-antigen. If positive, check viral load and
consult with gastroenterologist.

If treatment includes regimens containing anthracyclines or anthracenediones.

TREATMENT AND FOLLOW-UP

Burkitt’s lymphoma

Lymphoma associated with
Castleman’s disease
DLBCL
Primary effusion lymphomad

Primary CNS lymphoma

Consider high-dose methotrexate
Consider RT alone
Antiretrovirals
Best supportive care (see the NCCN Clinical Practice Guidelines
in Oncology: Palliative Care*)

*To view the most recent version of these guidelines, visit the NCCN Web site at www.NCCN.org.

d
e

g

Most cases are CD20-negative and addition of rituximab is not indicated.
See references for regimens page 300.

Prophylactic IT methotrexate is used at some institutions for all patients. At other NCCN institutions, patients with HIV-associated DLBCL receive IT
methotrexate in selective settings (paranasal sinus, testicular, epidural, bone marrow with large cell lymphoma, HIV-lymphoma, or 2 extranodal sites).

fPatients on active antiretrovirals with persistently low CD4 count of < 100 tend to have poor prognosis and higher risk for infection associated with the
addition of rituximab. Spina M, Jaeger U, Sparano JA, et al. Rituximab plus infusional cyclophosphamide, doxorubicin, and etoposide in HIV-associated
non-Hodgkin lymphoma: pooled results from 3 phase 2 trials. Blood 2005;105:1891-1897.

Suggested regimens: dose-adjusted EPOCH, CDE, CHOP, CDOP
(cyclophosphamide, liposomal doxorubicin, vincristine, prednisone)
Antiretrovirals
GCSF for all patients
Intrathecal therapy (IT)
If CD20+,

e

g

add rituximab with chemotherapyf

Antiretrovirals
Suggested regimens:

CODOX-M/IVAC: cyclophosphamide, vincristine, doxorubicin, high-dose
methotrexate alternating with ifosfamide, etoposide, high-dose cytarabine
± rituximab
Dose-adjusted EPOCH (etoposide, prednisone, vincristine,
cyclophosphamide, doxorubicin) ± rituximab (+ rituximab is for favorable
presentation)
CDE (cyclophosphamide, doxorubicin, etoposide) ± rituximabf (+ rituximab
is for favorable presentation)
Consider CHOP with high-dose methotrexate ± rituximab (+ rituximab is
for favorable presentation).

e

f

f

f

Avoid methotrexate dose > 3 g/m
GCSF for all patients

2

, HyperCVAD
Standard CHOP is not adequate therapy
Suggested regimens: CODOX-M/IVAC  EPOCH,

Antiretrovirals

e

Plasmablastic lymphoma

See Rituximab and Viral Reactivation (page 312)
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AIDS-RELATED B-CELL LYMPHOMAS

SUGGESTED TREATMENT REGIMENS
References

CHOP (cyclophosphamide, doxorubicin, vincristine, prednisone)

CDE (cyclophosphamide, doxorubicin, etoposide)

CDE + Rituximab

EPOCH (etoposide, prednisone, vincristine, cyclophosphamide, doxorubicin)

CODOX-M/IVAC (cyclophosphamide, vincristine, doxorubicin, high-dose methotrexate alternating with
ifosfamide, etoposide, high-dose cytarabine)

Ratner L, Lee J, Tang S, et al. Chemotherapy for human immunodeficiency virus-associated non-Hodgkin's lymphoma in
combination with highly active antiretroviral therapy. J Clin Oncol 2001;19:2171-2178.

Sparano JA, Lee S, Chen MG, et al. Phase II trial of infusional cyclophosphamide, doxorubicin, and etoposide in patients
with HIV-associated non-Hodgkin's lymphoma: an Eastern Cooperative Oncology Group trial (E1494). J Clin Oncol
2004;22:1491-1500.

Spina M, Jaeger U, Sparano JA, et al. Rituximab plus infusional cyclophosphamide, doxorubicin, and etoposide in HIV-
associated non-Hodgkin lymphoma: pooled results from 3 phase 2 trials. Blood 2005;105:1891-1897.
Spina M, Simonelli C, Vaccher E, et al. Long-term follow-up of rituximab and infusional cyclophosphamide, doxorubicin,
and etoposide (CDE) in combination with HAART in HIV-related non-Hodgkin's lymphomas (NHL) [abstract]. Blood
2008;112:Abstract 1467.

Little RF, Pittaluga S, Grant N, et al. Highly effective treatment of acquired immunodeficiency syndrome-related
lymphoma with dose-adjusted EPOCH: impact of antiretroviral therapy suspension and tumor biology. Blood
2003;101:4653-4659.

Wang ES, Straus DJ, Teruya-Feldstein J, et al. Intensive chemotherapy with cyclophosphamide, doxorubicin, high-dose
methotrexate/ifosfamide, etoposide, and high-dose cytarabine (CODOX-M/IVAC) for human immunodeficiency virus-
associated Burkitt lymphoma. Cancer 2003;98:1196-1205.

B-CELL ANTIGENS POSITIVE (CD19, CD20, CD79a, PAX5)

Small cells:

Panel: CD5, CD10,
CD23, cyclin D1,
BCL2, BCL6
(CD25, CD103)b

CD5+

CD5-

CD23+ CLL

CD23-

MCL

CD10+

CD10-

FL

CD103+
CD25+

CD103-

Cyclin D1-
t(11;14)-

BCL6+
BCL2+
t(14;18)+

c
c

HCL

Cytoplasmic Ig-

Cytoplasmic Ig+

MZL

LPL vs.
MZL

Annexin 1+

Pseudofollicular
pattern, clinical
features (BM)

Morphology (MZ
pattern,
plasmacytoid
features),
genetics (del 7q)
Clinical features
(splenomegaly,
bone marrow
involvement,
paraprotein)

Morphology
(MZ pattern)
Clinical features
(extranodal,
splenic)

CD5- CLL

Small Cells:
Chronic lymphocytic leukemia/small lymphocytic lymphoma (CLL/SLL)
Mantle cell lymphoma (MCL)
Splenic marginal zone lymphoma
Hairy cell leukemia (HCL)
Lymphoplasmacytic lymphoma (LPL)
Extranodal marginal zone lymphoma (MALT lymphoma)
Nodal marginal zone lymphoma
Follicular lymphoma (FL)

a

b
c

These are meant to be general guidelines. Interpretation of results should be based on individual circumstances and may vary. Not all tests will be required
in every case.

Flow cytometry, blood or bone marrow, if HCL is in differential diagnosis.
85% of follicular lymphoma will be BCL2+ or t(14;18)+.

Cyclin D1+
t(11;14)+

Cyclin D1-
t(11;14)-

USE OF IMMUNOPHENOTYPING IN DIFFERENTIAL DIAGNOSIS OF MATURE B-CELL AND T/NK-CELL NEOPLASMSa

(TO BE USED IN CONJUNCTION WITH CLINICAL PATHOLOGICAL CORRELATION)

CLL

























EX2086.0013



NCCN Clinical Practice Guidelines in Oncology

© Journal of the National Comprehensive Cancer Network  |  Volume 8 Number 3  |  March 2010

301

Non-Hodgkin’s Lymphomas Version 1:2010

Version 1.2010, 12-22-09 ©2010 National Comprehensive Cancer Network, Inc. All rights reserved. These guidelines and this illustration may not be  
reproduced in any form without the express written permission of NCCN.

NON-HODGKIN’S LYMPHOMAS

SUGGESTED TREATMENT REGIMENS
References

CHOP (cyclophosphamide, doxorubicin, vincristine, prednisone)

CDE (cyclophosphamide, doxorubicin, etoposide)

CDE + Rituximab

EPOCH (etoposide, prednisone, vincristine, cyclophosphamide, doxorubicin)

CODOX-M/IVAC (cyclophosphamide, vincristine, doxorubicin, high-dose methotrexate alternating with
ifosfamide, etoposide, high-dose cytarabine)

Ratner L, Lee J, Tang S, et al. Chemotherapy for human immunodeficiency virus-associated non-Hodgkin's lymphoma in
combination with highly active antiretroviral therapy. J Clin Oncol 2001;19:2171-2178.

Sparano JA, Lee S, Chen MG, et al. Phase II trial of infusional cyclophosphamide, doxorubicin, and etoposide in patients
with HIV-associated non-Hodgkin's lymphoma: an Eastern Cooperative Oncology Group trial (E1494). J Clin Oncol
2004;22:1491-1500.

Spina M, Jaeger U, Sparano JA, et al. Rituximab plus infusional cyclophosphamide, doxorubicin, and etoposide in HIV-
associated non-Hodgkin lymphoma: pooled results from 3 phase 2 trials. Blood 2005;105:1891-1897.
Spina M, Simonelli C, Vaccher E, et al. Long-term follow-up of rituximab and infusional cyclophosphamide, doxorubicin,
and etoposide (CDE) in combination with HAART in HIV-related non-Hodgkin's lymphomas (NHL) [abstract]. Blood
2008;112:Abstract 1467.

Little RF, Pittaluga S, Grant N, et al. Highly effective treatment of acquired immunodeficiency syndrome-related
lymphoma with dose-adjusted EPOCH: impact of antiretroviral therapy suspension and tumor biology. Blood
2003;101:4653-4659.

Wang ES, Straus DJ, Teruya-Feldstein J, et al. Intensive chemotherapy with cyclophosphamide, doxorubicin, high-dose
methotrexate/ifosfamide, etoposide, and high-dose cytarabine (CODOX-M/IVAC) for human immunodeficiency virus-
associated Burkitt lymphoma. Cancer 2003;98:1196-1205.

B-CELL ANTIGENS POSITIVE (CD19, CD20, CD79a, PAX5)

Small cells:

Panel: CD5, CD10,
CD23, cyclin D1,
BCL2, BCL6
(CD25, CD103)b

CD5+

CD5-

CD23+ CLL

CD23-

MCL

CD10+

CD10-

FL

CD103+
CD25+

CD103-

Cyclin D1-
t(11;14)-

BCL6+
BCL2+
t(14;18)+

c
c

HCL

Cytoplasmic Ig-

Cytoplasmic Ig+

MZL

LPL vs.
MZL

Annexin 1+

Pseudofollicular
pattern, clinical
features (BM)

Morphology (MZ
pattern,
plasmacytoid
features),
genetics (del 7q)
Clinical features
(splenomegaly,
bone marrow
involvement,
paraprotein)

Morphology
(MZ pattern)
Clinical features
(extranodal,
splenic)

CD5- CLL

Small Cells:
Chronic lymphocytic leukemia/small lymphocytic lymphoma (CLL/SLL)
Mantle cell lymphoma (MCL)
Splenic marginal zone lymphoma
Hairy cell leukemia (HCL)
Lymphoplasmacytic lymphoma (LPL)
Extranodal marginal zone lymphoma (MALT lymphoma)
Nodal marginal zone lymphoma
Follicular lymphoma (FL)

a

b
c

These are meant to be general guidelines. Interpretation of results should be based on individual circumstances and may vary. Not all tests will be required
in every case.

Flow cytometry, blood or bone marrow, if HCL is in differential diagnosis.
85% of follicular lymphoma will be BCL2+ or t(14;18)+.

Cyclin D1+
t(11;14)+

Cyclin D1-
t(11;14)-

USE OF IMMUNOPHENOTYPING IN DIFFERENTIAL DIAGNOSIS OF MATURE B-CELL AND T/NK-CELL NEOPLASMSa

(TO BE USED IN CONJUNCTION WITH CLINICAL PATHOLOGICAL CORRELATION)
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NON-HODGKIN’S LYMPHOMAS

Medium
cells

Panel: CD5,
CD10, BCL2,
BCL6, cyclin D1,
Ki67

CD5+

CD5-

Cyclin D1+ Blastoid MCL

CD5+ DLBCL

CD10+

CD10-

BCL6+
BCL2-
Ki67 95%

Cyclin D1-
BCL6+/-
IRF4/MUM1+/- MYC+

BCL2-
BCL6-

BL

MYC+/-
BCL2+
BCL6+/-

U-DLBCL/BL

BCL6+
BCL2+ U-DLBCL/BL FISH for MYC, BCL2, BCL6

to check for “double hit”

BCL6+
BCL2-
IRF4/MUM1 -
Ki67 > 90%

FISH for
MYC, BCL2,
BCL6

MYC+
BCL2-
BCL6-

MYC+/-
BCL2+
BCL6+/-

BL ?

U-DLBCL/BL

Ki67 60%-90%

BCL6+/-
BCL2+
IRF4/MUM1+/- U-DLBCL/BL FISH for MYC, BCL2, BCL6

to check for “double hit”

B-CELL ANTIGENS-POSITIVE (CD19, CD20, CD79a, PAX5)

Medium cells
Burkitt’s lymphoma (BL)
Diffuse large B-cell lymphoma (DLBCL)
Mantle cell lymphoma (MCL), blastoid variant
B-cell lymphoma (BCL), unclassifiable, intermediate between DLBCL and BL (U-DLBCL/BL)

FISH for
MYC, BCL2,
BCL6

USE OF IMMUNOPHENOTYPING IN DIFFERENTIAL DIAGNOSIS OF MATURE B-CELL AND T/NK-CELL NEOPLASMSa

(TO BE USED IN CONJUNCTION WITH CLINICAL PATHOLOGICAL CORRELATION)

aThese are meant to be general guidelines. Interpretation of results should be based on individual circumstances and may vary. Not all tests will be required
in every case.

aThese are meant to be general guidelines. Interpretation of results should be based on individual circumstances and may vary. Not all tests will be required
in every case.

Large cells:
Diffuse large B-cell lymphoma (DLBCL), NOS

T-cell/histiocyte rich large B-cell lymphoma (
Primary DLBCL of the CNS
Primary cutaneous DLBCL, leg type
EBV+ DLBCL of the elderly (

DLBCL associated with chronic inflammation
Lymphomatoid granulomatosis
Primary mediastinal (thymic) large B-cell lymphoma (PMBL)
Intravascular large B-cell lymphoma
ALK+ large B-cell lymphoma
Plasmablastic lymphoma
Large B-cell lymphoma arising in HHV8-associated multicentric Castleman disease (LBCL in HHV8+ MCD)
Primary effusion lymphoma
B-cell lymphoma, unclassifiable, intermediate between DLBCL (U-DLBCL) and classical Hodgkin lymphoma (CHL)

THRLBCL)

EBV+ DLBCL)

Mantle cell lymphoma (MCL), pleomorphic variant

Panel: CD5,
CD10, BCL6,
IRF4/MUM1

CD5+

CD5

Cyclin D1+ Pleomorphic MCL

Cd5+ DLBCL, NOS

CD10+

CD10-

BCL6+
IRF4/ -MUM1

Cyclin D1-
BCL6+/-
IRF4/MUM1+/-

DLBCL or
U-DLBCL/CHL

DLBCL, NOS type
(BCL6+)

germinal center B-cell-like (GCB)

BCL6+
IRF4/ +MUM1

BCL6-
IRF4/ +MUM1

Non-
GCB

Post-
GCB

B-CELL ANTIGEN-POSITIVE (CD19, CD20, CD79a, PAX5)

DLBCL, NOS typeGCB

Large
cells

Continued 
on page 304

USE OF IMMUNOPHENOTYPING IN DIFFERENTIAL DIAGNOSIS OF MATURE B-CELL AND T/NK-CELL NEOPLASMSa

(TO BE USED IN CONJUNCTION WITH CLINICAL PATHOLOGICAL CORRELATION)

Panel: CD20, PAX5,
CD138,

, Ig
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chains

ALK1,
CD30, CD15, EBV-
EBER, HHV8
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NON-HODGKIN’S LYMPHOMAS

Medium
cells

Panel: CD5,
CD10, BCL2,
BCL6, cyclin D1,
Ki67

CD5+

CD5-

Cyclin D1+ Blastoid MCL

CD5+ DLBCL

CD10+

CD10-

BCL6+
BCL2-
Ki67 95%

Cyclin D1-
BCL6+/-
IRF4/MUM1+/- MYC+

BCL2-
BCL6-

BL

MYC+/-
BCL2+
BCL6+/-

U-DLBCL/BL

BCL6+
BCL2+ U-DLBCL/BL FISH for MYC, BCL2, BCL6

to check for “double hit”

BCL6+
BCL2-
IRF4/MUM1 -
Ki67 > 90%

FISH for
MYC, BCL2,
BCL6

MYC+
BCL2-
BCL6-

MYC+/-
BCL2+
BCL6+/-

BL ?

U-DLBCL/BL

Ki67 60%-90%

BCL6+/-
BCL2+
IRF4/MUM1+/- U-DLBCL/BL FISH for MYC, BCL2, BCL6

to check for “double hit”

B-CELL ANTIGENS-POSITIVE (CD19, CD20, CD79a, PAX5)

Medium cells
Burkitt’s lymphoma (BL)
Diffuse large B-cell lymphoma (DLBCL)
Mantle cell lymphoma (MCL), blastoid variant
B-cell lymphoma (BCL), unclassifiable, intermediate between DLBCL and BL (U-DLBCL/BL)

FISH for
MYC, BCL2,
BCL6

USE OF IMMUNOPHENOTYPING IN DIFFERENTIAL DIAGNOSIS OF MATURE B-CELL AND T/NK-CELL NEOPLASMSa

(TO BE USED IN CONJUNCTION WITH CLINICAL PATHOLOGICAL CORRELATION)

aThese are meant to be general guidelines. Interpretation of results should be based on individual circumstances and may vary. Not all tests will be required
in every case.

aThese are meant to be general guidelines. Interpretation of results should be based on individual circumstances and may vary. Not all tests will be required
in every case.

Large cells:
Diffuse large B-cell lymphoma (DLBCL), NOS

T-cell/histiocyte rich large B-cell lymphoma (
Primary DLBCL of the CNS
Primary cutaneous DLBCL, leg type
EBV+ DLBCL of the elderly (

DLBCL associated with chronic inflammation
Lymphomatoid granulomatosis
Primary mediastinal (thymic) large B-cell lymphoma (PMBL)
Intravascular large B-cell lymphoma
ALK+ large B-cell lymphoma
Plasmablastic lymphoma
Large B-cell lymphoma arising in HHV8-associated multicentric Castleman disease (LBCL in HHV8+ MCD)
Primary effusion lymphoma
B-cell lymphoma, unclassifiable, intermediate between DLBCL (U-DLBCL) and classical Hodgkin lymphoma (CHL)

THRLBCL)

EBV+ DLBCL)

Mantle cell lymphoma (MCL), pleomorphic variant

Panel: CD5,
CD10, BCL6,
IRF4/MUM1

CD5+

CD5

Cyclin D1+ Pleomorphic MCL

Cd5+ DLBCL, NOS

CD10+

CD10-

BCL6+
IRF4/ -MUM1

Cyclin D1-
BCL6+/-
IRF4/MUM1+/-

DLBCL or
U-DLBCL/CHL

DLBCL, NOS type
(BCL6+)

germinal center B-cell-like (GCB)

BCL6+
IRF4/ +MUM1

BCL6-
IRF4/ +MUM1

Non-
GCB

Post-
GCB

B-CELL ANTIGEN-POSITIVE (CD19, CD20, CD79a, PAX5)

DLBCL, NOS typeGCB

Large
cells

Continued 
on page 304
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Panel: CD20, PAX5,
CD138,

, Ig
light and heavy
chains

ALK1,
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NON-HODGKIN’S LYMPHOMAS

CD20+
(PAX5+)

CD20-
(PAX5-)

EBER-
HHV8-

EBER+
HHV8-

Elderly or immunosuppressed

EBER-
HHV8+

LBCL in HHV8+
(IgM lambda+) confirm by morphology

multicentric Castleman disease

CD138+/-

EBV+/-
HHV8+

EBV-
ALK+

PEL (CD30+)

ALK+ DLBCL

EBV-
ALK-
HHV8-

Anaplastic/plasmablastic
Myeloma/plasmacytoma

IgA lambda+ EMA+

IgG, A, kappa or lambda

Large cells (continued from page 303)

U-DLBCL/CHL

T-cell-rich THRLBCL (may be BCL6+, IRF4/MUM1-)

Mediastinal PMBL
MAL+
TRAF+
REL+(nuc)

d
d

d

Morphologically
borderline with CHL

C 15-D PMBL
MAL+
TRAF+
REL+(nuc)

d
d

d

C 15+D

EBV+ DLBCL

Extranodal, T-cell rich,
angiocentric Lymphomatoid granulomatosis

Chronic inflammation DLBCL associated with chronic inflammation

CD30-

CD30+

(May be
BCL6+,
IRF4/MUM1-)

DLBCL, non-GCB

USE OF IMMUNOPHENOTYPING IN DIFFERENTIAL DIAGNOSIS OF MATURE B-CELL AND T/NK-CELL NEOPLASMSa

(TO BE USED IN CONJUNCTION WITH CLINICAL PATHOLOGICAL CORRELATION)

aT

d

hese are meant to be general guidelines. Interpretation of results should be based on individual circumstances and may vary. Not all tests will be required
in every case.

These stains/studies are not routinely available.

EBV+
HHV8- Plasmablastic lymphoma

utaneous marginal zone lymphoma
Primary cutaneous follicle center lymphoma
Primary cutaneous DLBCL, leg type (PC-DLBCL, leg type)

Primary c (PCMZL)
(PCFCL)

Panel: CD10, BCL2,
BCL6, IRF4/MUM1,
CD21/23 (FDC markers)

Cutaneous
localization

CD10+

CD10-

PCFCL

BCL2-

BCL2+

BCL6+
IRF4 -
(follicular dendritic cells
[FDC]+/-)
Small/medium/large cells

/MUM1

BCL6-
IRF4 +/-/MUM1
(FDC+)
Small/medium cells

BCL6+/-
IRF4 +
(FDC-)
Large round cells

/MUM1

BCL6-
IRF4 +/-/MUM1
(FDC+)
Small/medium cells

B-CELL ANTIGENS-POSITIVE (CD19, CD20, CD79a, PAX5)

BCL6+
IRF4 -
(FDC+, follicular)
Small/medium/large cells

/MUM1

USE OF IMMUNOPHENOTYPING IN DIFFERENTIAL DIAGNOSIS OF MATURE B-CELL AND T/NK-CELL NEOPLASMSa

(TO BE USED IN CONJUNCTION WITH CLINICAL PATHOLOGICAL CORRELATION)

aThese are meant to be general guidelines. Interpretation of results should be based on individual circumstances and may vary. Not all tests will be required
in every case.

PCFCL

PCMZL

PCMZL

PCFCL

PC-DLBCL,
leg type







EX2086.0017
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NON-HODGKIN’S LYMPHOMAS

CD20+
(PAX5+)

CD20-
(PAX5-)

EBER-
HHV8-

EBER+
HHV8-

Elderly or immunosuppressed

EBER-
HHV8+

LBCL in HHV8+
(IgM lambda+) confirm by morphology

multicentric Castleman disease

CD138+/-

EBV+/-
HHV8+

EBV-
ALK+

PEL (CD30+)

ALK+ DLBCL

EBV-
ALK-
HHV8-

Anaplastic/plasmablastic
Myeloma/plasmacytoma

IgA lambda+ EMA+

IgG, A, kappa or lambda

Large cells (continued from page 303)

U-DLBCL/CHL

T-cell-rich THRLBCL (may be BCL6+, IRF4/MUM1-)

Mediastinal PMBL
MAL+
TRAF+
REL+(nuc)

d
d

d

Morphologically
borderline with CHL

C 15-D PMBL
MAL+
TRAF+
REL+(nuc)

d
d

d

C 15+D

EBV+ DLBCL

Extranodal, T-cell rich,
angiocentric Lymphomatoid granulomatosis

Chronic inflammation DLBCL associated with chronic inflammation

CD30-

CD30+

(May be
BCL6+,
IRF4/MUM1-)

DLBCL, non-GCB

USE OF IMMUNOPHENOTYPING IN DIFFERENTIAL DIAGNOSIS OF MATURE B-CELL AND T/NK-CELL NEOPLASMSa

(TO BE USED IN CONJUNCTION WITH CLINICAL PATHOLOGICAL CORRELATION)

aT

d

hese are meant to be general guidelines. Interpretation of results should be based on individual circumstances and may vary. Not all tests will be required
in every case.

These stains/studies are not routinely available.

EBV+
HHV8- Plasmablastic lymphoma

utaneous marginal zone lymphoma
Primary cutaneous follicle center lymphoma
Primary cutaneous DLBCL, leg type (PC-DLBCL, leg type)

Primary c (PCMZL)
(PCFCL)

Panel: CD10, BCL2,
BCL6, IRF4/MUM1,
CD21/23 (FDC markers)

Cutaneous
localization

CD10+

CD10-

PCFCL

BCL2-

BCL2+

BCL6+
IRF4 -
(follicular dendritic cells
[FDC]+/-)
Small/medium/large cells

/MUM1

BCL6-
IRF4 +/-/MUM1
(FDC+)
Small/medium cells

BCL6+/-
IRF4 +
(FDC-)
Large round cells

/MUM1

BCL6-
IRF4 +/-/MUM1
(FDC+)
Small/medium cells

B-CELL ANTIGENS-POSITIVE (CD19, CD20, CD79a, PAX5)

BCL6+
IRF4 -
(FDC+, follicular)
Small/medium/large cells

/MUM1

USE OF IMMUNOPHENOTYPING IN DIFFERENTIAL DIAGNOSIS OF MATURE B-CELL AND T/NK-CELL NEOPLASMSa

(TO BE USED IN CONJUNCTION WITH CLINICAL PATHOLOGICAL CORRELATION)

aThese are meant to be general guidelines. Interpretation of results should be based on individual circumstances and may vary. Not all tests will be required
in every case.

PCFCL

PCMZL

PCMZL

PCFCL

PC-DLBCL,
leg type






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NON-HODGKIN’S LYMPHOMAS

Anaplastic Morphology
Anaplastic large cell lymphoma , ALK+
Anaplastic large cell lymphoma , ALK–
Adult T-cell leukemia/lymphoma , anaplastic large cell type
Enteropathy associated T-cell lymphoma (EATL)
Primary cutaneous CD30+ T-cell lymphoproliferative disorders

Lymphomatoid papulosis (LyP)
Primary cutaneous anaplastic large cell lymphoma (PC-ALCL)

(ALCL)
(ALCL)
(ATLL)

Anaplastic
morphology

T-CELL ANTIGENS-POSITIVE (CD2, CD3, CD5, CD7) [and B-cell antigens-negative]

Panel: CD30,
CD15, PAX5, ALK,
EBV-EBER

CD30+

CD30- PTCL- NOS

ALK+ ALCL, ALK+

PAX5+

ALK-

PAX5-

DLBCL (T-cell antigen
expression artifactual)

CD15+
EBER+/-

Classical Hodgkin
lymphoma

Cutaneous = Primary cutaneous
CD30+ T-cell LPD

Polymorphous, regressing = LyP
Monomorphous, progressing =
PC-ALCL

Non-cutaneous = ALCL, ALK-
Intestinal = EATL (eosinophils:
clinical history of celiac disease or
antibodies)
HTLV1+ = ATLL, anaplastic large
cell type (CD25+)

USE OF IMMUNOPHENOTYPING IN DIFFERENTIAL DIAGNOSIS OF MATURE B-CELL AND T/NK-CELL NEOPLASMSa

(TO BE USED IN CONJUNCTION WITH CLINICAL PATHOLOGICAL CORRELATION)

aThese are meant to be general guidelines. Interpretation of results should be based on individual circumstances and may
vary. Not all tests will be required in every case.

T-CELL ANTIGENS-POSITIVE (CD2, CD3, CD5, CD7) [and B-cell antigens-negative (PAX5)]

Cutaneous Localization (Non-Anaplastic Morphology)
Primary cutaneous CD30+ T-cell lymphoproliferative disorders (LPD)

(γδTCL)

dendritic

Mycosis fungoides, Sézary syndrome (MF, SS)
Subcutaneous panniculitis-like T-cell lymphoma (SCPTCL)
Primary cutaneous gamma-delta T-cell lymphoma

(AECTCL)

Extranodal NK/T-cell lymphoma, nasal type
Peripheral T-cell lymphoma, NOS
Blastic plasmacytoid cell neoplasm (BPDC)

Primary cutaneous CD8+ aggressive epidermotropic cytotoxic T-cell lymphoma
Primary cutaneous CD4+ small/medium T-cell lymphoma

Panel: CD2, CD5,
CD7, CD4, CD8,
CD30, CD56, F1,
cytotoxic granule
proteins (CGP =
perforin, granzyme B,
TIA1), EBV-EBER
Optional: CD25

βCutaneous
localization
(non-anaplastic
morphology)

CD30+

CD30-

CD30+ Cutaneous LPDe

Epidermotropic

Dermis and
subcutis

CD4+

CD4-

MF SSe (CD2+ CD5+ CD7- CD8- F1+ CGP-)
HTLV1+ = ATLL

β

CD8+

CD8-

CD8+ AECTCL (e,f CD2- CD5-
CD7+/- CD56- F1+ CGP+)β

Cutaneous TCL (γδ CD2+ CD5-
CD7+/- CD56+/- F1- CGP+;
dermis and subcutis often
involved)

β

CD4+

CD4-

Small/med cells = CD4+
small/medium CTCL
Med/large cells = PTCL, NOS

CD8+

CD8-

βF1+

βF1-

βF1+

βF1-

USE OF IMMUNOPHENOTYPING IN DIFFERENTIAL DIAGNOSIS OF MATURE B-CELL AND T/NK-CELL NEOPLASMSa

(TO BE USED IN CONJUNCTION WITH CLINICAL PATHOLOGICAL CORRELATION)

CD56+

CD56-

Consider myeloid sarcoma (may
be CD2+ CD7+ CD56+) or
BPDC (CD3- CD5- CD123+
CD68+ TCL1+)

a

e
f

These are meant to be general guidelines. Interpretation of results should be based on individual circumstances and may vary. Not all tests will be required
in every case.

A minority of MF cases can be CD30+, CD4- and either CD8+/-, TIA1+.
AECTCL has distinctive morphology and clinical presentation.

EBV+

EBV-

SCPTCL (CD2+
CD5- CD7+ CD56-
CGP+)

Cutaneous TCL
(CD2+ CD5- CD7+/-
CD56+/- CGP+)

γδ

PTCL-NOS

Cutaneous
TCL (CD2+

CD5- CD7+/-
CD56+/- CGP+)

γδ

NK/T nasal type
(CD2+ CD7-
CD56+ CGP+)













































EX2086.0019



NCCN Clinical Practice Guidelines in Oncology

© Journal of the National Comprehensive Cancer Network  |  Volume 8 Number 3  |  March 2010

307

Non-Hodgkin’s Lymphomas Version 1:2010

Version 1.2010, 12-22-09 ©2010 National Comprehensive Cancer Network, Inc. All rights reserved. These guidelines and this illustration may not be  
reproduced in any form without the express written permission of NCCN.

NON-HODGKIN’S LYMPHOMAS

Anaplastic Morphology
Anaplastic large cell lymphoma , ALK+
Anaplastic large cell lymphoma , ALK–
Adult T-cell leukemia/lymphoma , anaplastic large cell type
Enteropathy associated T-cell lymphoma (EATL)
Primary cutaneous CD30+ T-cell lymphoproliferative disorders

Lymphomatoid papulosis (LyP)
Primary cutaneous anaplastic large cell lymphoma (PC-ALCL)

(ALCL)
(ALCL)
(ATLL)

Anaplastic
morphology

T-CELL ANTIGENS-POSITIVE (CD2, CD3, CD5, CD7) [and B-cell antigens-negative]

Panel: CD30,
CD15, PAX5, ALK,
EBV-EBER

CD30+

CD30- PTCL- NOS

ALK+ ALCL, ALK+

PAX5+

ALK-

PAX5-

DLBCL (T-cell antigen
expression artifactual)

CD15+
EBER+/-

Classical Hodgkin
lymphoma

Cutaneous = Primary cutaneous
CD30+ T-cell LPD

Polymorphous, regressing = LyP
Monomorphous, progressing =
PC-ALCL

Non-cutaneous = ALCL, ALK-
Intestinal = EATL (eosinophils:
clinical history of celiac disease or
antibodies)
HTLV1+ = ATLL, anaplastic large
cell type (CD25+)

USE OF IMMUNOPHENOTYPING IN DIFFERENTIAL DIAGNOSIS OF MATURE B-CELL AND T/NK-CELL NEOPLASMSa

(TO BE USED IN CONJUNCTION WITH CLINICAL PATHOLOGICAL CORRELATION)

aThese are meant to be general guidelines. Interpretation of results should be based on individual circumstances and may
vary. Not all tests will be required in every case.

T-CELL ANTIGENS-POSITIVE (CD2, CD3, CD5, CD7) [and B-cell antigens-negative (PAX5)]

Cutaneous Localization (Non-Anaplastic Morphology)
Primary cutaneous CD30+ T-cell lymphoproliferative disorders (LPD)

(γδTCL)

dendritic

Mycosis fungoides, Sézary syndrome (MF, SS)
Subcutaneous panniculitis-like T-cell lymphoma (SCPTCL)
Primary cutaneous gamma-delta T-cell lymphoma

(AECTCL)

Extranodal NK/T-cell lymphoma, nasal type
Peripheral T-cell lymphoma, NOS
Blastic plasmacytoid cell neoplasm (BPDC)

Primary cutaneous CD8+ aggressive epidermotropic cytotoxic T-cell lymphoma
Primary cutaneous CD4+ small/medium T-cell lymphoma

Panel: CD2, CD5,
CD7, CD4, CD8,
CD30, CD56, F1,
cytotoxic granule
proteins (CGP =
perforin, granzyme B,
TIA1), EBV-EBER
Optional: CD25

βCutaneous
localization
(non-anaplastic
morphology)

CD30+

CD30-

CD30+ Cutaneous LPDe

Epidermotropic

Dermis and
subcutis

CD4+

CD4-

MF SSe (CD2+ CD5+ CD7- CD8- F1+ CGP-)
HTLV1+ = ATLL

β

CD8+

CD8-

CD8+ AECTCL (e,f CD2- CD5-
CD7+/- CD56- F1+ CGP+)β

Cutaneous TCL (γδ CD2+ CD5-
CD7+/- CD56+/- F1- CGP+;
dermis and subcutis often
involved)

β

CD4+

CD4-

Small/med cells = CD4+
small/medium CTCL
Med/large cells = PTCL, NOS

CD8+

CD8-

βF1+

βF1-

βF1+

βF1-

USE OF IMMUNOPHENOTYPING IN DIFFERENTIAL DIAGNOSIS OF MATURE B-CELL AND T/NK-CELL NEOPLASMSa

(TO BE USED IN CONJUNCTION WITH CLINICAL PATHOLOGICAL CORRELATION)

CD56+

CD56-

Consider myeloid sarcoma (may
be CD2+ CD7+ CD56+) or
BPDC (CD3- CD5- CD123+
CD68+ TCL1+)

a

e
f

These are meant to be general guidelines. Interpretation of results should be based on individual circumstances and may vary. Not all tests will be required
in every case.

A minority of MF cases can be CD30+, CD4- and either CD8+/-, TIA1+.
AECTCL has distinctive morphology and clinical presentation.

EBV+

EBV-

SCPTCL (CD2+
CD5- CD7+ CD56-
CGP+)

Cutaneous TCL
(CD2+ CD5- CD7+/-
CD56+/- CGP+)

γδ

PTCL-NOS

Cutaneous
TCL (CD2+

CD5- CD7+/-
CD56+/- CGP+)

γδ

NK/T nasal type
(CD2+ CD7-
CD56+ CGP+)













































EX2086.0020
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NON-HODGKIN’S LYMPHOMAS

aThese are meant to be general guidelines. Interpretation of results should be based on individual circumstances and may vary. Not all tests will be required
in every case.

Extranodal, Noncutaneous Localization
Extranodal NK/T cell lymphoma, nasal type (ENKTCL)
Enteropathy-associated T-cell lymphoma (EATL)
Hepatosplenic T-cell lymphoma (HSTCL)
Peripheral T-cell lymphoma, NOS (PTCL, NOS)
ALCL, ALK+ small cell and histiocyte-rich variants

Extranodal,
noncutaneous
localization
(non-anaplastic
morphology)

Panel: ALK1, CD5, CD7,
CD4, CD8, CD30, C56, F1,
cytotoxic granule proteins
(CGP = perforin, granzyme B,
TIA1), EBV-EBER

β

ENK/TCL (CD5- CD4- CD8- CD30- CD56+ CGP+,
midline face, upper aerodigestive tract, testis, GI tract)EBER+

EBER-

CD30+

CD30-

Intestinal, other
abdominal/visceral sites, celiac
disease or markers positive =
EATL (CD5- CD7- CD4- CD8-/+
CD56-/+ TIA1+ GRB+ Perf+)
Other sites, celiac disease
markers negative = PTCL, NOS

Liver, spleen, bone marrow sinuses,
immune suppression = HSTCL
(CD5- CD7- CD4- CD8- CD56+
TIA1+ GRB- Perf-)
Other sites = PTCL, NOS

Nodal Localization
Adult T-cell leukemia/lymphoma (ATLL)
Angioimmunoblastic T-cell lymphoma (AITL)
Peripheral T-cell lymphoma, NOS  (PTCL, NOS)
ALCL, ALK+ small cell and histiocyte-rich variants

Nodal localization (non-
anaplastic morphology)

CD10+
BCL6+
PD1+
CD4+/-

Vascular proliferation, expanded
CD21+ CD23+ FDC = AITL
Nodular CD21+ CD23+ FDC =
Nodular PTCL

CD10-
BCL6-

HTLV1- = PTCL, NOS

HTLV1+ = ATLL (CD2+ CD5+ CD7-
CD25+ CD56-)

Panel: CD5, CD4, CD8,
CD30, ALK1, CD10,
BCL6, PD1, CD21,
CD23, EBV-EBER

CD30+
ALK+

CD30+/-
ALK-

ALCL, ALK+ small cell or histiocyte-rich variants

ALCL, ALK+ small cell or
histiocyte-rich variantsALK+

ALK-

USE OF IMMUNOPHENOTYPING IN DIFFERENTIAL DIAGNOSIS OF MATURE B-CELL AND T/NK-CELL NEOPLASMSa

(TO BE USED IN CONJUNCTION WITH CLINICAL PATHOLOGICAL CORRELATION)
TUMOR LYSIS SYNDROME

The most likely histologies are lymphoblastic lymphoma and Burkitt’s lymphoma; however, bulky presentation of DLBCL 
and patients with CLL and a high white blood cell count may experience tumor lysis syndrome (TLS) at a moderately high
frequency.

:

:
TLS is best managed if anticipated and treatment started before chemotherapy.
Centerpiece of treatment includes:

Rigorous hydration
Management of hyperuricemia

or
Rasburicase as indicated (rising uric acid despite allopurinol, high creatinine)

Laboratory Hallmarks of TLS

Treatment of TLS

High potassium
High uric acid
High phosphorous
Low calcium

:
Nausea and vomiting, shortness of breath, irregular heartbeat, clouding of urine, lethargy, and/or joint discomfort.

Frequent monitoring of electrolytes and aggressive correction is essential
First-line and at retreatment:

Allopurinol beginning 2-3 days before chemotherapy and continued for 10-14 days

If TLS is untreated, its progression may cause acute kidney failure, cardiac arrhythmias, seizures, loss of muscle control,
and death.

Symptoms of TLS















































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
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NON-HODGKIN’S LYMPHOMAS

aThese are meant to be general guidelines. Interpretation of results should be based on individual circumstances and may vary. Not all tests will be required
in every case.

Extranodal, Noncutaneous Localization
Extranodal NK/T cell lymphoma, nasal type (ENKTCL)
Enteropathy-associated T-cell lymphoma (EATL)
Hepatosplenic T-cell lymphoma (HSTCL)
Peripheral T-cell lymphoma, NOS (PTCL, NOS)
ALCL, ALK+ small cell and histiocyte-rich variants

Extranodal,
noncutaneous
localization
(non-anaplastic
morphology)

Panel: ALK1, CD5, CD7,
CD4, CD8, CD30, C56, F1,
cytotoxic granule proteins
(CGP = perforin, granzyme B,
TIA1), EBV-EBER

β

ENK/TCL (CD5- CD4- CD8- CD30- CD56+ CGP+,
midline face, upper aerodigestive tract, testis, GI tract)EBER+

EBER-

CD30+

CD30-

Intestinal, other
abdominal/visceral sites, celiac
disease or markers positive =
EATL (CD5- CD7- CD4- CD8-/+
CD56-/+ TIA1+ GRB+ Perf+)
Other sites, celiac disease
markers negative = PTCL, NOS

Liver, spleen, bone marrow sinuses,
immune suppression = HSTCL
(CD5- CD7- CD4- CD8- CD56+
TIA1+ GRB- Perf-)
Other sites = PTCL, NOS

Nodal Localization
Adult T-cell leukemia/lymphoma (ATLL)
Angioimmunoblastic T-cell lymphoma (AITL)
Peripheral T-cell lymphoma, NOS  (PTCL, NOS)
ALCL, ALK+ small cell and histiocyte-rich variants

Nodal localization (non-
anaplastic morphology)

CD10+
BCL6+
PD1+
CD4+/-

Vascular proliferation, expanded
CD21+ CD23+ FDC = AITL
Nodular CD21+ CD23+ FDC =
Nodular PTCL

CD10-
BCL6-

HTLV1- = PTCL, NOS

HTLV1+ = ATLL (CD2+ CD5+ CD7-
CD25+ CD56-)

Panel: CD5, CD4, CD8,
CD30, ALK1, CD10,
BCL6, PD1, CD21,
CD23, EBV-EBER

CD30+
ALK+

CD30+/-
ALK-

ALCL, ALK+ small cell or histiocyte-rich variants

ALCL, ALK+ small cell or
histiocyte-rich variantsALK+

ALK-

USE OF IMMUNOPHENOTYPING IN DIFFERENTIAL DIAGNOSIS OF MATURE B-CELL AND T/NK-CELL NEOPLASMSa

(TO BE USED IN CONJUNCTION WITH CLINICAL PATHOLOGICAL CORRELATION)
TUMOR LYSIS SYNDROME

The most likely histologies are lymphoblastic lymphoma and Burkitt’s lymphoma; however, bulky presentation of DLBCL 
and patients with CLL and a high white blood cell count may experience tumor lysis syndrome (TLS) at a moderately high
frequency.

:

:
TLS is best managed if anticipated and treatment started before chemotherapy.
Centerpiece of treatment includes:

Rigorous hydration
Management of hyperuricemia

or
Rasburicase as indicated (rising uric acid despite allopurinol, high creatinine)

Laboratory Hallmarks of TLS

Treatment of TLS

High potassium
High uric acid
High phosphorous
Low calcium

:
Nausea and vomiting, shortness of breath, irregular heartbeat, clouding of urine, lethargy, and/or joint discomfort.

Frequent monitoring of electrolytes and aggressive correction is essential
First-line and at retreatment:

Allopurinol beginning 2-3 days before chemotherapy and continued for 10-14 days

If TLS is untreated, its progression may cause acute kidney failure, cardiac arrhythmias, seizures, loss of muscle control,
and death.

Symptoms of TLS
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NON-HODGKIN’S LYMPHOMAS

RESPONSE CRITERIA FOR LYMPHOMA
(not including PET)

Response
Category

CR

CRu

PR

Relapse/
progression

Physical
Examination

Normal

Normal

Normal

Normal

Normal

Decrease in
liver/spleen

Enlarging liver/spleen,
new sites

Lymph Nodes

Normal

Normal

Normal

Normal

≥ 50% decrease

≥ 50% decrease

New or increased

Lymph Node
Masses

Normal

Normal

> 75% decrease

Normal

≥ 50% decrease

≥ 50% decrease

New or increased

Bone Marrow

Normal

Indeterminate

Normal or
indeterminate

Positive

Irrelevant

Irrelevant

Reappearance

Source:
Abbreviations: CR, complete response; CRu, complete response unconfirmed; PR, partial response.

From Cheson BD, Horning SJ, Coiffier B, et al. Report of an international workshop to standardize response criteria for
non-Hodgkin’s lymphoma. J Clin Oncol 1999;17:1244. Reprinted with permission from the American Society of Clinical Oncology.

REVISED RESPONSE CRITERIA FOR LYMPHOMA
(including PET)a

Response Definition

CR

PR

SD

Relapsed
disease or
PD

Source:

Abbreviations: CR, complete response; FDG, 18Fluorodeoxyglucose; PD, progressive disease; PR, partial response; SD, stable disease;
SPD, sum of the product of the diameters. 

From Cheson BD, Pfistner B, Juweid ME, et al. Revised response criteria for malignant lymphoma. J Clin Oncol 2007;25:579–586.
Reprinted with permission from the American Society of Clinical Oncology.

Nodal Masses Spleen, Liver Bone Marrow

Disappearance of
all evidence of
disease

Regression of
measurable
disease and no
new sites

Failure to attain
CR/PR or PD

Any new lesion or
increase by 50%
of previously
involved sites from
nadir

≥

a) FDG-avid or PET-positive before
therapy; mass of any size permitted if
PET-negative
b) Variably FDG-avid or PET-negative;
regression to normal size on CT

≥ 50% decrease in SPD of up to 6
largest dominant masses; no increase
in size of other nodes
a) FDG-avid or PET-positive before
therapy; ≥ 1 PET-positive at previously
involved site
b) Variably FDG-avid or PET-negative;
regression on CT

a) FDG-avid or PET-positive before
therapy; PET-positive at prior sites of
disease and no new sites on CT or PET
b) Variably FDG-avid or PET-negative;
no change in size of previous lesions on
CT

Appearance of a new lesion(s) > 1.5 cm
in any axis, 50% increase in SPD of
more than one node, or 50% increase
in longest diameter of a previously
identified node > 1 cm in short axis.
Lesions PET-positive if FDG-avid
lymphoma or PET-positive before
therapy

≥
≥

Not palpable,
nodules disappeared

≥ 50% decrease in SPD
of nodules (for single
nodule in greatest
transverse diameter); no
increase in size of liver or
spleen

> 50% increase from nadir
in the SPD of any previous
lesions

Infiltrate cleared on
repeat biopsy; if
indeterminate by
morphology,
immunohistochemistry
should be negative

Irrelevant if positive
before therapy; cell
type should be
specified

New or recurrent
involvement

aRecommended for use with diffuse large B-cell lymphoma and Hodgkin disease/lymphoma.
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NON-HODGKIN’S LYMPHOMAS

RESPONSE CRITERIA FOR LYMPHOMA
(not including PET)

Response
Category

CR

CRu

PR

Relapse/
progression

Physical
Examination

Normal

Normal

Normal

Normal

Normal

Decrease in
liver/spleen

Enlarging liver/spleen,
new sites

Lymph Nodes

Normal

Normal

Normal

Normal

≥ 50% decrease

≥ 50% decrease

New or increased

Lymph Node
Masses

Normal

Normal

> 75% decrease

Normal

≥ 50% decrease

≥ 50% decrease

New or increased

Bone Marrow

Normal

Indeterminate

Normal or
indeterminate

Positive

Irrelevant

Irrelevant

Reappearance

Source:
Abbreviations: CR, complete response; CRu, complete response unconfirmed; PR, partial response.

From Cheson BD, Horning SJ, Coiffier B, et al. Report of an international workshop to standardize response criteria for
non-Hodgkin’s lymphoma. J Clin Oncol 1999;17:1244. Reprinted with permission from the American Society of Clinical Oncology.

REVISED RESPONSE CRITERIA FOR LYMPHOMA
(including PET)a

Response Definition

CR

PR

SD

Relapsed
disease or
PD

Source:

Abbreviations: CR, complete response; FDG, 18Fluorodeoxyglucose; PD, progressive disease; PR, partial response; SD, stable disease;
SPD, sum of the product of the diameters. 

From Cheson BD, Pfistner B, Juweid ME, et al. Revised response criteria for malignant lymphoma. J Clin Oncol 2007;25:579–586.
Reprinted with permission from the American Society of Clinical Oncology.

Nodal Masses Spleen, Liver Bone Marrow

Disappearance of
all evidence of
disease

Regression of
measurable
disease and no
new sites

Failure to attain
CR/PR or PD

Any new lesion or
increase by 50%
of previously
involved sites from
nadir

≥

a) FDG-avid or PET-positive before
therapy; mass of any size permitted if
PET-negative
b) Variably FDG-avid or PET-negative;
regression to normal size on CT

≥ 50% decrease in SPD of up to 6
largest dominant masses; no increase
in size of other nodes
a) FDG-avid or PET-positive before
therapy; ≥ 1 PET-positive at previously
involved site
b) Variably FDG-avid or PET-negative;
regression on CT

a) FDG-avid or PET-positive before
therapy; PET-positive at prior sites of
disease and no new sites on CT or PET
b) Variably FDG-avid or PET-negative;
no change in size of previous lesions on
CT

Appearance of a new lesion(s) > 1.5 cm
in any axis, 50% increase in SPD of
more than one node, or 50% increase
in longest diameter of a previously
identified node > 1 cm in short axis.
Lesions PET-positive if FDG-avid
lymphoma or PET-positive before
therapy

≥
≥

Not palpable,
nodules disappeared

≥ 50% decrease in SPD
of nodules (for single
nodule in greatest
transverse diameter); no
increase in size of liver or
spleen

> 50% increase from nadir
in the SPD of any previous
lesions

Infiltrate cleared on
repeat biopsy; if
indeterminate by
morphology,
immunohistochemistry
should be negative

Irrelevant if positive
before therapy; cell
type should be
specified

New or recurrent
involvement

aRecommended for use with diffuse large B-cell lymphoma and Hodgkin disease/lymphoma.
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Clinical trials: The NCCN believes that the best management for any cancer patient is in a clinical trial. Participation in clinical trials is especially encouraged. 
All recommendations are category 2A unless otherwise noted.

NON-HODGKIN’S LYMPHOMAS

RITUXIMAB AND VIRAL REACTIVATION

Hepatitis B surface antigen (HBsAg) and hepatitis B core antibody (HBcAb) testing for all patients receiving rituxima b
Quantitative hepatitis B viral load by PCR only if one of the screening tests is positive
In areas with high prevalence/population or prevalence is not known, recommend testing all patients receiving
immunotherapy, chemotherapy, or chemoimmunotherapy

Empiric antiviral therapy with oncologic treatment for any patient who is HBsAg or HBcAb positive
Monitor with PCR

If viral load is consistently undetectable, treatment is considered prophylactic
If viral load fails to drop, consult hepatologist

Maintain prophylaxis for at least 6 months after oncologic treatment ends
Consult with hepatologist for duration of therapy in patient with active hepatitis B virus

)

HBV

hepatitis B viral load monthly through treatment and every 3 months thereafter

Caused by the JC virus and is usually fatal
Diagnosis made by PCR of CSF and in some cases brain biopsy

No known effective treatments
Check for changes in behavior such as confusion, dizziness or loss of balance, difficulty talking or walking, and vision problems

Progressive Multifocal Leukoencephalopathy (PML

Note: Patients receiving IV immunoglobin may be HBcAb+ as a consequence of IVIG therapy.










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Text continued from p. 289

dardize the classification of lymphomas.

IWF Classification
The IWF classified NHL into 3 major categories, 
low-, intermediate-, and high-grade, based on the 
morphology and natural history.8 This classification 
divided diffuse large B-cell lymphoma (DLBCL) into 
intermediate- and high-grade groups. However, be-
cause this classification did not include immunophe-
notyping, the categories were not reproducible.9 In 
addition, after this classification was published, many 
new diseases were described that were not included.

Revised European American Classification
In 1994, the International Lymphoma Study Group 
developed the Revised European American Lym-
phoma (REAL) classification, which classified lym-
phomas based on the cell of origin (B, T, or NK) 
and included morphology, immunophenotype, and 
genetic and clinical features for defining diseases.10 
In 1997, the International Lymphoma Classification 
Project performed a clinical evaluation of the REAL 
classification in a cohort of 1403 cases of NHL,11,12 
with the diagnosis of NHL confirmed in 1378 
(98.2%). This study identified the 13 most common 
histologic types, comprising approximately 90% of 
the cases of NHL in the United States. The findings 
were as follows: DLBCL, 31%; follicular lymphoma 
(FL), 22%; small lymphocytic lymphoma/chronic 
lymphocytic leukemia (SLL/CLL), 6%; mantle cell 
lymphoma (MCL), 6%; peripheral T-cell lymphoma 
(PTCL), 6%; and mucosa-associated lymphoid tissue 
(MALT) lymphoma, 5%. The remaining subtypes 
each occurred in 2% or less of cases. Importantly, in 
the United States more than 50% of cases of lym-
phoma are either DLBCL or FL. The study investi-
gators concluded that the REAL classification can 
be readily applied and identifies clinically distinctive 
types of NHL.

WHO Classification
In 2001, the WHO updated the classification of he-
matopoietic and lymphoid neoplasms13,14 to apply 
the principles of REAL classification, representing 
the first international consensus on classification of 
hematologic malignancies. The REAL/WHO clas-
sification of NHL includes many entities not rec-
ognized by the IWF.13,14 After consideration of cell 
of origin (B, T, or NK), the classification subdivides 
lymphomas into those derived from precursor lym-
phocytes versus those derived from mature lympho-

cytes. The classification is further refined based on 
immunophenotype, genetic, and clinical features. 
These considerations have aided in defining active 
treatment for specific subtypes of lymphoma.

In 2008, the International T-cell Lymphoma 
Project evaluated the WHO classification of T-cell 
lymphoma in a cohort of 1314 cases of PTCL and 
NK/T-cell lymphomas (NKTCLs). The diagnosis 
of PTCL or NKTCL was confirmed in 1153 cases 
(88%). The most common subtypes were PTCL-not 
otherwise specified (NOS; 25.9%), angioimmuno-
blastic lymphoma (18.5%), NKTCL (10.4%), adult 
T-cell leukemia/lymphoma (ATLL; 9.6%), anaplas-
tic lymphoma kinase (ALK)-positive anaplastic 
large cell lymphoma (ALCL; 6.6%), and ALK–    
ALCL (5.5%).15 The findings of this study validated 
the usefulness of the WHO classification for defining 
subtypes of T-cell lymphomas.

The WHO classification was updated again in 
September 2008 to add new diseases and subtypes 
that have been recognized in the past decade, and 
to better define some of the heterogeneous and am-
biguous categories based on recent advances (see the 
Classification available online, in these guidelines, 
at www.NCCN.org [ST-1]).16,17 Genetic features, 
detected by cytogenetics or fluorescence in-situ hy-
bridization (FISH) are increasingly important in de-
fining specific NHL subtypes. In addition, detection 
of viruses, particularly Epstein-Barr virus (human 
herpesvirus 8 [HHV8] and  human T-lymphotropic 
virus type 1 [HTLV1]), is often necessary to establish 
a specific diagnosis, particularly in the newer catego-
ries of DLBCL.

2008 WHO Classification of Mature B-Cell 
Lymphomas
CLL/SLL: The updated classification includes the 
new definition issued by the International Work-
ing Group (IWG) on CLL.18 In the absence of tissue 
involvement or disease-related cytopenias, the diag-
nosis of CLL requires the presence of at least 5000 
clonal B lymphocytes per microliter in the peripher-
al blood for at least 3 months. The presence of fewer 
than 5000 lymphocytes per microliter in the absence 
of lymphadenopathy, organomegaly, or other clinical 
features is defined as monoclonal B lymphocytosis.
FL: In FL, pathologic grading according to the num-
ber of centroblasts is considered a clinical predic-
tor of outcome. In the 2001 WHO classification, 3 
grades were recommended: FL1, FL2, and FL3; FL3 
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could be optionally stratified into 3A (centrocytes 
still present) or 3B (sheets of centroblasts). Howev-
er, grades 1 and 2 do not differ clinically and are now 
considered one grade (FL1-2) according to the 2008 
WHO classification. FL3B is believed to possibly be 
genetically closer to DLBCL than FL1-3A, and ex-
perts have suggested that 3B is more aggressive than 
3A. However, this is only true for FL3B with 3q27a 
abnormalities (BCL6), and FL3B with BCL2 rear-
rangement is probably similar to FL1-3A.19

Hans et al.20 reported no difference in survival 
between patients with grade 3A and 3B FL, whereas 
those with FL3 and more than 50% diffuse com-
ponents had inferior survival, similar to those with 
DLBCL. Because FL3B is rare, most studies base the 
clinical behavior of FL3 mainly on FL3A cases. The 
2008 WHO classification mandates stratifying FL3 
into either 3A or 3B. FL is thus still divided into 3 
grades (FL1-2, FL3A, and FL3B) based on the num-
ber of centroblasts. Any diffuse areas in FL should be 
given a separate diagnosis of DLBCL if it meets the 
criteria for FL3A or 3B.

Pediatric FL, primary intestinal FL, other extra-
nodal FLs, and intrafollicular neoplasia (“in situ” FL) 
are the other variants included under FL.
Pediatric FL: Children with FL typically have early-
stage disease and lack BCL2 expression and t(14;18). 
Pediatric FL has a better prognosis than adult FL and 
is often cured with minimal therapy.
Primary Intestinal FL: FL of the gastrointestinal 
tract is a recently described entity common in the 
small intestine, with most occurring in the duode-
num. The morphology, immunophenotype, and 
genetic features are similar to those of nodal FL. 
However, most patients have clinically indolent and 
localized disease. Survival seems to be excellent even 
without treatment.
Other Extranodal FL: In many of the other extra-
nodal sites, the morphology, immunophenotype, 
and genetic features are similar to those of nodal FL. 
Patients usually have localized disease, and systemic 
relapses are rare.
Intrafollicular Neoplasia or In situ FL: Intrafol-
licular neoplasia, or in situ FL, is defined as a mor-
phologically normal lymph node or other lymphoid 
tissues with a few follicles that are BCL2+. Some of 
these patients are found to have either a history of 
FL or FL elsewhere in the body, and some have no 
evidence of FL.21 Intrafollicular neoplasia may rep-

resent the nodal equivalent of circulating clonal B 
cells that have BCL2 rearrangement, but lack the 
other genetic abnormalities required for the devel-
opment of a progressive lymphoma. In some cases, 
this may represent the earliest evidence of a true FL 
that will progress to an overt lymphoma. A diagnosis 
of lymphoma should not be made in these cases, and 
careful staging and follow-up are recommended; pa-
tients should not be treated for lymphoma based on 
this finding.
Primary Cutaneous Follicle Center Lymphoma: 
Primary cutaneous follicle center lymphoma (PCF-
CL) is a new category in the 2008 classification and 
is defined as a tumor of neoplastic follicle center 
cells, including centrocytes and variable numbers of 
centroblasts, with a follicular, follicular and diffuse, 
or diffuse growth pattern. PCFCL is the most com-
mon B-cell lymphoma of the skin and is classified 
as a distinct entity in the EORTC classification of 
cutaneous lymphomas.22 Gene expression profiling 
studies have also provided evidence supporting this 
classification.23 PCFCL presents as a solitary or lo-
calized skin lesion on the scalp, forehead, or trunk. 
It is characterized by an indolent course and rarely 
disseminates to extracutaneous sites. PCFCL is con-
sistently BCL6+, and may be CD10+ in cases with 
a follicular growth pattern. BCL2 is either negative 
or dim (predominantly seen in cases with a follicular 
growth pattern).

PCFCL has an excellent prognosis, with a 5-year 
survival rate of 95%. PCFCL must be distinguished 
from cutaneous DLBCL presenting on the leg, which 
is typically IRF4/MUM1+ and strongly BCL2+ and 
has a more unfavorable prognosis.24,25

DLBCL: Some of the new categories of DLBCL are 
defined by extranodal primary sites and the associa-
tion with viruses such as Epstein Barr virus (EBV) 
or HHV8. Two borderline categories have also been 
included for cases that cannot be distinguished be-
tween adult Burkitt’s lymphoma and DLBCL, and 
primary mediastinal large B-cell lymphoma (PMBL) 
and nodular sclerosis classical Hodgkin lymphoma 
(NSCHL). The ALK+ DLBCL, plasmablastic lym-
phoma, and primary effusion lymphoma are consid-
ered distinct entities. The 2008 classification also has 
a new category of large B-cell lymphoma arising in 
HHV8-associated multicentric Castleman’s disease.
DLBCL-NOS: The 2008 classification has included 
DLBCL-NOS as a new category to include the germi-
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nal center B-cell (GCB) and activated B-cell (ABC) 
subtypes, and other DLBCL cases that do not belong 
to any of the 4 specific subtypes (T-cell/histiocyte-
rich large B-cell lymphoma, primary central nervous 
system DLBCL, primary cutaneous DLBCL [PCDL-
BCL], leg type, or EBV+ DLBCL of the elderly).

Gene expression profiling has been used to iden-
tify 3 different subtypes of DLBCL: GCB, ABC, and 
type 3, which includes PMBL and cases that cannot 
be classified as GCB or ABC subtype.26 Gene expres-
sion profiling is not yet recommended for routine 
clinical use. Immunostaining algorithms have been 
developed to differentiate between the GCB and 
ABC subtypes using a combination of CD10, BCL6, 
IRF4/MUM1, GCET1, and FOXP1.27,28 However, 
studies based on immunohistochemistry have pro-
duced conflicting results regarding the outcome of 
these subtypes.29,30

PCDLBCL, Leg Type: PCDLBCL, leg type is an 
unusual form of DLBCL composed of large trans-
formed B cells most commonly arising on the leg 
(85%), although they can arise at other sites (15%). 
These tumors arise from post-GCBs with expression 
of CD20, IRF4/MUM1, FOXP1, and BCL2; many 
cases express BCL6 and lack expression of CD10. 
These tumors can disseminate to non-cutaneous 
sites, including the central nervous system. Progno-
sis is poor, particularly when the presentation is with 
multiple subcutaneous nodules.
B-Cell Lymphoma, Intermediate Between Burkitt’s 
Lymphoma and DLBCL: Burkitt’s lymphoma is 
characterized by t(8;14), which results in the jux-
taposition of the MYC gene from chromosome 8 
with the immunoglobulin heavy chain (IgH) region 
on chromosome 14 and variant translocations in-
volving MYC and the immunoglobulin light chain 
genes.31 Nevertheless, MYC translocations also oc-
cur in DLBCL. Recent gene expression profiling 
studies have confirmed that the distinction between 
Burkitt’s lymphoma and DLBCL is not reliably re-
producible with the use of the current criteria of 
morphology, immunophenotype, and genetic ab-
normalities.32,33 Mature aggressive B-cell lymphomas 
without a molecular Burkitt’s lymphoma signature 
with MYC rearrangements,33 and those with both 
t(8;14) and t(14;18) translocations, are associated 
with a poor prognosis.34

This provisional category replaces the “Atypical 
Burkitt Lymphoma” category that was included in 

the 2001 WHO classification. The new category in-
cludes lymphomas with features of both DLBCL and 
Burkitt’s lymphoma, but for biologic and clinical rea-
sons should not be diagnosed as DLBCL or Burkitt’s 
lymphoma. Lymphomas in this provisional category 
include those that are morphologically intermediate 
between Burkitt’s lymphoma and DLBCL, with im-
munophenotype suggestive of Burkitt’s lymphoma 
(CD10+, BCL6+, BCL2–, and IRF4/MUM1– or 
weakly positive); those that are morphologically sim-
ilar to Burkitt’s lymphoma but are strongly BCL2+; 
and those with both MYC and BCL2 rearrangements 
(double hit) and complex karyotypes.
B-Cell Lymphoma Intermediate Between PMBL 
and NSCHL: PMBL has been recognized as a sub-
type of DLBCL based on its distinctive clinical and 
morphologic features.35 NSCHL is the most common 
form of Hodgkin lymphoma. Both tumors occur in 
the mediastinum and affect adolescents and young 
adults. Gene expression profiling studies strongly 
support a relationship between PMBL and classi-
cal Hodgkin lymphoma (CHL). Approximately a 
third of the genes that were more highly expressed 
in PMBL were also characteristically expressed in 
CHL cells.36 Traverse-Glehen et al.37 reported bor-
derline cases with biologic and morphologic features 
of both CHL and B-cell NHL, known as mediastinal 
gray zone lymphomas.

This provisional category includes lymphomas 
with overlapping features between CHL and DLBCL, 
especially PMBL. The cases that morphologically re-
semble NSCHL have a strong expression of CD20 
and other B-cell–associated markers. The cases that 
resemble PMBL may have dim or no expression of 
CD20, but strong expression of CD30 and CD15. 
These lymphomas have a more aggressive course and 
poorer outcome than either CHL or PMBL.

2008 WHO Classification of Mature T-Cell and 
NK-Cell Lymphomas
The 2008 WHO classification has adapted the EO-
TRC classification for cutaneous T-cell lymphomas 
(CTCLs).22 The new categories include primary cu-
taneous gamma-delta T-cell lymphoma, primary cu-
taneous aggressive epidermotropic CD9+ cytotoxic 
T-cell lymphoma, and primary cutaneous small/me-
dium CD4+ T-cell lymphoma. ALCL, ALK– is now 
separated from PTCL-NOS as a provisional entity.
ALCL: ALCL accounts for fewer than 5% of all cases 
of NHL. Currently 3 subtypes of ALCL are distinctly 
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recognized: ALCL, ALK+; ALCL, ALK–; and pri-
mary cutaneous ALCL. Primary cutaneous ALCL is 
a distinct subtype of mature T-cell lymphoma. ALK+ 
ALCL is most common in children and young adults 
and characterized by the overexpression of ALK1 
protein, resulting from t(2;5) in 40% to 60% of pa-
tients.38,39 Although clinically aggressive, it is highly 
curable with CHOP (cyclophosphamide, doxorubi-
cin, vincristine, and prednisone) chemotherapy.

The 2001 WHO classification did not require a 
distinction between ALK+ and ALK– ALCL, but 
ALK+ ALCL is now clearly known to be a well-de-
fined clinicopathologic entity. Recently, the Interna-
tional Peripheral T-Cell Lymphoma Project reported 
that patients with ALK+ ALCL had a superior out-
come compared with those with ALK– ALCL (5-
year failure-free survival, 60% vs. 36%; and 5-year 
overall survival, 70% vs. 49%, respectively).40 Con-
trary to prior reports, ALK– ALCL was associated 
with a better outcome than PTCL-NOS. The 5-year 
failure-free survival (36% vs. 20%) and overall sur-
vival (49% vs. 32%) were superior compared with 
PTCL-NOS. Patients with primary cutaneous ALCL 
had a very favorable 5-year overall survival (90%) 
despite being negative for ALK1; the 5-year failure-
free survival rate was 55%. The findings of this study 
confirmed that ALK– ALCL should be separated 
from both ALK+ ALCL and PTCL-NOS.

Based on the recent findings, the 2008 WHO 
classification included a provisional category for 
ALK– ALCL. It is morphologically identical to 
ALK+ ALCL, with a strong and diffuse expression of 
CD30, no expression of B-cell antigens, and absence 
of ALK1. The prognosis is intermediate between 
that of ALK+ ALCL and PTCL-NOS.

Response Criteria
The IWG published the guidelines for response 
criteria for lymphoma in 1999. These response cri-
teria are based on the reduction in the size of the 
enlarged lymph node as measured by CT scan and 
the extent of bone marrow involvement deter-
mined by bone marrow aspirate and biopsy.41 These 
guidelines were revised in 2007 by the Interna-
tional Harmonization Project to incorporate im-
munohistochemistry, flow cytometry, and 18flouro-
deoxyglucose (FDG)-PET scans in the definition 
of response for lymphoma.42 In the revised guide-

lines, the response category of complete response 
uncertain was essentially eliminated because re-
sidual masses were defined as a partial response or 
complete response based on the result of a PET scan.  
Using the revised system, response is categorized as 
complete response, partial response, stable disease, 
and relapsed or progressive disease. However, the ap-
plication of PET to responses is limited to histologies 
that have a reliable FDG-uptake in active tumor. 
Response criteria for lymphoma are summarized on 
pages 310 and 311. However, the revised response 
criteria have only been validated for DLBCL and 
HL. The application of the revised response crite-
ria to other histologies requires validation, and the 
original IWG guidelines should be used.

Diagnosis
In all cases, the most important first step is to make 
an accurate pathologic diagnosis. The basic patho-
logic evaluation is the same in each guideline, al-
though some further evaluation may be useful in cer-
tain circumstances to clarify a particular diagnosis; 
these are outlined in the pathologic evaluation of 
the individual guideline.

An incisional or excisional lymph node biopsy 
is recommended to establish the diagnosis of NHL. 
Core needle biopsy is discouraged unless the clini-
cal situation dictates that this is the only safe means 
of obtaining diagnostic tissue. Fine needle aspiration 
(FNA) biopsy is widely used to diagnose malignant 
neoplasms, but its role in diagnosing lymphoma is still 
controversial.43,44 Because the revised REAL/WHO 
classification is based on both morphology and im-
munophenotyping, FNA alone is not acceptable as 
a reliable diagnostic tool for NHL. However, its use 
in combination with ancillary techniques may pro-
vide precise diagnosis, thereby obviating the need for 
a more invasive biopsy. Recent studies have shown 
that the diagnostic accuracy of FNA improves signif-
icantly when used in combination with immunohis-
tochemistry, flow cytometry, or excisional biopsy.45–47

In the NCCN guidelines, FNA results alone are 
not suitable for making an initial diagnosis of NHL, 
although they may be sufficient to establish relapse. 
However, in certain circumstances, when a lymph 
node is not easily accessible, a combination of core 
biopsy and FNA in conjunction with appropriate an-
cillary techniques (polymerase chain reaction [PCR] 
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for IgH and T-cell receptor gene rearrangements and 
FISH for major translocations) may be sufficient for 
diagnosis. This is particularly true for the diagnosis of 
CLL. In other entities presenting in leukemic phase, 
such as FL or MCL, a biopsy is still preferred to clar-
ify histological subtype.

Immunophenotypic analysis is essential for dif-
ferentiating the various subtypes of NHL, proper 
diagnosis, and deciding treatment for each subtype. 
It can be performed using flow cytometry and/or im-
munohistochemistry; the choice depends on the an-
tigens and the expertise and resources available to 
the hematopathologist. In some cases, flow cytom-
etry and immunohistochemistry are complementary 
diagnostic tools.48 Cytogenetic or molecular genetic 
analysis may be necessary under certain circumstanc-
es to identify the specific chromosomal transloca-
tions that are characteristic of some NHL subtypes 
or to establish clonality.

Immunophenotyping Algorithm
After the publication of the 2008 WHO Classifica-
tion, the panel developed a series of algorithms for 
using immunophenotyping to diagnose mature lym-
phoid neoplasms (see pages 301–308). These algo-
rithms should be used in conjunction with clinical 
and pathologic correlation. They were developed as 
a guide for surgical pathologists and to help clini-
cians interpret pathology reports.

The initial assessment begins with morphologic, 
clinical, and immunophenotypic analysis. Morpho-
logic assessment involves determining the cell size 
(small, medium, or large cells), with or without 
anaplastic morphology. Clinical features include 
patient’s age and the location (nodal, extranodal, 
and, among extranodal sites, skin vs. other specific 
sites). The initial immunophenotyping panel should 
include Pan-B- and Pan-T-cell antigens. Based on 
the morphologic and clinical features, some of the 
B- and T-cell subset antigens may also be added in 
the initial panel.

B-Cell Lymphomas: Expression of One or More 
B-Cell Antigens (CD20, PAX5, CD79a, CD19, CD22)
Small Cells: In the differential diagnosis of small cell 
lymphomas (CLL/SLL, MCL, hairy cell leukemia 
[HCL], splenic marginal zone lymphoma, extranodal 
marginal zone lymphoma, nodal marginal zone lym-
phoma, and FL), the panel for immunophenotyping 

includes CD5, CD10, CD23, cyclin D1, BCL6, and 
BCL2, and may include CD25 and CD103 if HCL is 
suspected (see page 301).

Both CLL and MCL are CD5+ B-cell lympho-
mas. CLL is usually CD5+, CD23+, and cyclin D1–. 
However, some cases of CLL have an atypical im-
munophenotype (CD23-dim or -negative). Dysreg-
ulated expression of cyclin D1, a cell cycle protein 
that results from the chromosomal translocation 
t(11;14), is seen in most MCL cases.49,50 This trans-
location is not seen in other NHLs, although it can 
be seen in multiple myeloma.

The initial stratification is based on the expres-
sion of CD5. If CD5 is positive, confirmatory studies 
should be performed with CD23 and cyclin D1 to 
differentiate between CLL and MCL. CD23 is often 
helpful, but cyclin D1 expression is the most reliable 
marker for differentiating between CLL and MCL. 
Thus, immunophenotypic analysis of cyclin D1 or 
cytogenetic analysis of t(11;14) using FISH is help-
ful in confirming the diagnosis of MCL.

If CD5 is negative, then the next stratification 
is based on CD10. CD10 positivity (which must be 
confirmed by morphology to be on tumor cells and 
not on residual reactive or colonized follicles) indi-
cates FL, and this diagnosis can be confirmed further 
by staining for BCL6 and BCL2, and detection of 
t(14;18) by FISH or PCR, because BCL2 resulting 
from t(14;18) is overexpressed in 90% of cases of 
FL.51 FL is also CD20+, CD5–, and cyclin D1–, and 
nodular aggregates of CD21+ or CD23+ follicular 
dendritic cells (FDCs) will usually be found. When 
CD10 is negative, the differential diagnosis includes 
marginal zone lymphomas, lymphoplasmacytic lym-
phomas, and HCL; immunophenotypic analysis of 
CD103 and CD25 can be used to identify HCL. If 
both are positive, the suggested diagnosis would be 
HCL, which can be confirmed by the staining of 
annexin-1 because HCL is characterized by a strong 
expression of annexin-1.

CD103– small B-cell neoplasms can be further 
stratified by staining for cytoplasmic immunoglobu-
lin light chains. If cytoplasmic light chains are nega-
tive, the most likely diagnosis is one of the marginal 
zone lymphomas, which are further classified by a 
combination of morphologic and clinical features 
(extranodal, nodal, splenic). If cytoplasmic im-
munoglobulin is positive, the differential diagnosis 
includes marginal zone lymphoma or lymphoplas-
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macytic lymphoma. This distinction is based on a 
combination of morphology and clinical features and 
may be aided by cytogenetics [deletion 7q in splenic 
marginal zone lymphoma, t(11;18) in some extra-
nodal marginal zone lymphoma, vs. deletion 6q in 
lymphoplasmacytic lymphoma].
Medium-Sized Cells: For medium-sized cell lympho-
mas (Burkitt’s lymphoma; DLBCL; blastoid variant 
of MCL; B-cell lymphoma; and unclassifiable, inter-
mediate between DLBCL and Burkitt’s lymphoma 
[U-DLBCL/Burkitt’s lymphoma]), the immunophe-
notyping panel includes CD5, CD10, BCL2, BCL6, 
cyclin D1, and Ki67 (see page 302).

As with small cell lymphomas, the initial stratifi-
cation is based on CD5. If CD5 is positive, the differ-
ential diagnosis is MCL versus DLBCL and it can be 
confirmed based on the analysis of cyclin D1, BCL6, 
and IRF4/MUM1. BCL6 rearrangements associated 
with various chromosomal translocations involving 
chromosome 3q27 are observed in 28% to 35% of 
DLBCL.52 IRF4/MUM1 is a myeloma-associated on-
cogene activated as a result of chromosomal translo-
cation t(6;14) and is observed in 73% of DLBCLs.53 
Cyclin D1 positivity confirms the diagnosis of blas-
toid MCL. If cyclin D1 is negative, the diagnosis is 
confirmed as CD5+ DLBCL, irrespective of the ex-
pression of BCL6 and IRF4/MUM1.

If CD5 is negative, the stratification is based on 
the expression of CD10. If CD10 is positive, the differ-
ential diagnosis includes Burkitt’s lymphoma versus 
U-DLBCL/Burkitt’s lymphoma. These can be further 
stratified based on Ki67, BCL2, and BCL6 expres-
sion. BCL6+, BCL2–, and Ki67 (≥ 95%) would sup-
port the diagnosis of Burkitt’s lymphoma, especially 
in pediatric cases. In adults, when Burkitt’s lympho-
ma is suspected, FISH for MYC, BCL2, and possibly 
BCL6 should be performed to confirm the presence 
of MYC rearrangement and assess for the presence 
of a dual rearrangement of MYC and BCL2 (double 
hit), particularly if BCL2 is expressed.51 If MYC is 
positive and BCL2 and BCL6 are not rearranged, 
Burkitt’s lymphoma may be diagnosed. If BCL2 or 
BCL6 is rearranged, with or without MYC, the diag-
nosis could be U-DLBCL/Burkitt’s lymphoma.

CD10– medium-sized B-cell neoplasms gener-
ally fall into the category of U-DLBCL/Burkitt’s 
lymphoma. If both BCL2 and BCL6 are positive ac-
cording to immunohistochemistry, FISH for MYC, 
BCL2, and BCL6 should be performed to check for 

double hit U-DLBCL/Burkitt’s lymphoma, which 
has a poor prognosis.
Large Cells: DLBCL-NOS, the newly described 
subtypes of DLBCL, and the pleomorphic variant of 
MCL are characterized by large cells. The immuno-
phenotyping panel for large cell lymphomas includes 
CD5, CD10, BCL6, and IRF4/MUM1 (pages 303 
and 304). The first stratification is based on the ex-
pression of CD5. If CD5 is positive, cyclin D1 ex-
pression should be assessed to distinguish between 
pleomorphic MCL and CD5+ DLBCL-NOS, which 
has a variable expression of BCL6 and MUM1. If 
CD5 is negative, the differential diagnosis is DLBCL 
which can be stratified again based on the expression 
of CD10. CD10 positivity confirms the diagnosis of 
DLBCL-NOS (GCB subtype). If CD10 is negative, 
confirmatory studies can be performed with BCL6 and 
IRF4/MUM1 to differentiate GCB subtype (BCL6+ 
and IRF4/MUM1–) from non-GCB subtypes.

For clinical purposes, distinguishing between 
GCB and non-GCB subtypes is not necessary; how-
ever, the recently described DLBCL subtypes (EBV+ 
DLBCL of the elderly, DLBCL associated with 
chronic inflammation, ALK+ DLBCL, plasmablas-
tic lymphoma) are often non-GCB types, and this 
immunophenotype may prompt further analysis to 
detect these subtypes.

Additional markers (CD20, PAX5, CD30, 
ALK1, CD138, and cytoplasmic immunoglobulin, 
and detection of HHV8 and EBV) may be useful for 
the further classification of large B-cell lymphomas. 
In a tumor positive for both CD20 and PAX5, CD30 
positivity supports the diagnosis of PMBL. If CD30 is 
positive and the morphology overlaps with classical 
HL, determining CD15 expression may be helpful: 
if it is positive, this supports either U-DLBCL/CHL 
or CHL, depending on the morphologic features. 
Absence of CD15 would support PMBL. Absence 
of both CD20 and PAX5 and expression of MUM1 
and CD138 suggest terminal B-cell differentiation, 
and the differential diagnosis would include ALK+ 
DLBCL, plasmablastic lymphoma, and primary 
effusion lymphoma.

ALK+ DLBCL is characterized by the expres-
sion of ALK protein and absence of CD30. It has 
an aggressive clinical course and poor outcome.54 
If ALK is negative, the stratification is now based 
on the staining for EBV and HHV. EBV+ and 
HHV8– indicate plasmablastic lymphoma. Primary 
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effusion lymphoma is HHV8+ with or without EBV 
and is CD30+. DLBCL associated with HHV8+ 
multicentric Castleman’s disease is CD20+/– and 
HHV8+, and has characteristic morphologic fea-
tures. Many of these DBLCL subtypes have plas-
macytic differentiation and will have detectable 
cytoplasmic immunoglobulin.
Cutaneous B-Cell Lymphomas: In the WHO clas-
sification, 3 main types of primary cutaneous B-cell 
lymphomas are recognized: PCFCL; PCDLBCL, leg 
type; and primary cutaneous marginal zone lympho-
ma (PCMZL). PCMZLs express CD20 and BCL2 but 
are negative for CD5, CD10, and BCL6.55 PCFCL, 
which is an indolent disease, has a germinal cen-
ter phenotype, whereas most PCDLBCLs, leg type, 
which are aggressive tumors, have an activated 
B-cell phenotype.23

The immunophenotyping panel includes CD10, 
BCL2, BCL6, IRF4/MUM1, and FDC markers (CD21 
or CD23) to detect neoplastic follicles or colonized 
germinal centers. Initial stratification is based on 
CD10. CD10 positivity on the neoplastic cells in-
dicates PCFCL; however, many cases of PCFCL are 
CD10–. If CD10 is negative, the differential diagnosis 
is based on the expression of BCL2. BCL2 is usually 
negative in PCFCL but strongly expressed in PCDL-
BCL. When BCL2 is negative, immunophenotypic 
analysis of BCL6 and IRF4/MUM1 is necessary to dis-
tinguish between PCFCL and PCMZL. PCFCL is con-
sistently BCL6+ and IRF4/MUM1–, whereas PCMZL 
is BCL6– and IRF4/MUM1 can be either positive or 
negative. If BCL2 is positive, IRF4/MUM1 is help-
ful to differentiate between PCFCL and PCDLBCL, 
leg type, because PCFCL is usually IRF4/MUM1–, 
whereas PCDLBCL, leg type is usually IRF4/MUM1+.

T-Cell Lymphomas: Expression of One or More 
Pan-T Antigens (CD2, CD3, CD5, CD7, CD43, 
CD45RO)
T-Cell Lymphomas (Anaplastic Morphology): In 
lymphomas with anaplastic morphology, the immu-
nophenotyping panel includes CD30, CD15, PAX5, 
ALK, and EBV-EBER. ALCL has a strong, diffuse 
expression of CD30. If CD30 is positive, evaluation 
of ALK1 status is used to identify ALK+ ALCL. If 
ALK1 is negative, analysis of CD15 and PAX5 are 
essential in the differential diagnosis of non-cutane-
ous ALK– ALCL and classical HL. ALK– ALCL is 
PAX5–, whereas CHL typically shows expression of 
CD15 and dim expression of PAX5.

CTCLs (Non-Anaplastic Morphology): Mycosis 
fungoides and Sézary syndrome are the most com-
mon types of CTCLs lacking anaplastic morphology. 
Primary CTCLs are very rare. In the WHO classifi-
cation, 3 rare provisional entities are included under 
primary CTCL: primary cutaneous gamma-delta T-
cell lymphoma, primary cutaneous CD8+ aggressive 
epidermotropic cytotoxic T-cell lymphoma (AECT-
CL), and primary cutaneous CD4+ small/medium 
T-cell lymphoma.

The immunophenotyping panel for the diagno-
sis of CTCLs includes CD2, CD5, CD7, CD4, CD8, 
CD30, CD56, βF1, and cytotoxic granule proteins. 
Initial stratification can be based on CD30. Strong 
and uniform CD30 positivity favors primary cuta-
neous CD30+ T-cell lymphoproliferative disorders, 
even if the morphology is not obviously anaplastic; 
however, some CD30+ cells can be seen in mycosis 
fungoides and ATLL. In an epidermotropic CTCL, 
if CD30 is negative, then the differential diagno-
sis is based on CD4 and CD8 expression. If CD4 is 
positive, then the differential diagnosis is mycosis 
fungoides/Sézary syndrome versus ATLL. ATLL and 
mycosis fungoides/Sézary syndrome both lack cyto-
toxic granule proteins. ATLL is CD25+, whereas 
mycosis fungoides/Sézary syndrome is CD25–; it is 
suggested by epidemiologic factors and can be con-
firmed through serologic testing for HTLV1. If CD4 
is negative and CD8 is positive, then the diagnosis is 
more likely AECTCL, which has an aggressive clini-
cal course.56 Because a minority of mycosis fungoides 
cases can be CD30+, CD4−, and CD8+/−, AECTCL 
should be confirmed further by its characteristic im-
munophenotype (CD4–, CD3+, CD8+, CD5–, and 
CD45RO–). Cutaneous gamma-delta T-cell lympho-
ma may be epidermotropic, but typically also involves 
dermis and subcutis; it is typically CD4–, CD8−, 
CD5−, and CD56+, but may express CD8. Staining 
for βF1 is negative, and cytotoxic granule proteins are 
strongly expressed. Subcutaneous panniculitis-like T-
cell lymphoma is typically CD3+, CD7+, CD8+, and 
βF1+, and expresses cytotoxic granule proteins.
Nodal Localization (Non-Anaplastic Morphol-
ogy): Angioimmunoblastic T-cell lymphoma (AITL), 
ATLL, PTCL-NOS, and small cell variants of ALCL 
are included in this category. The immunopheno-
typic panel includes CD5, CD4, CD8, CD30, ALK1, 
CD10, BCL6, PD1, CD21, CD23, and EBV-EBER. 
Follicular helper T-cell markers CD10, BCL6, PD1, 
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and CD4 are helpful in differentiating among AITL, 
PTCL-NOS, and ATLL. The initial stratification is 
based on ALK and CD30 expression. If CD30 and 
ALK are negative and CD10, BCL6, PD1, and CD4 
are positive, the likely diagnosis is AITL; this can be 
confirmed by detection of FDCs expressing CD21 and 
CD23, and typically some EBV+ large B cells. If follic-
ular helper T-cell markers are absent, the differential 
diagnosis includes ATLL and PTCL-NOS; expression 
of CD25, clinical features, and assessment for HTLV1 
antibodies can confirm the diagnosis of ATLL.
Extranodal Non-Cutaneous Localization (Non-An-
aplastic Morphology): Extranodal NK T-cell lym-
phoma, nasal type (ENKTCL); enteropathy-associ-
ated T-cell lymphoma (EATL); hepatosplenic T-cell 
lymphoma (HSTCL); extranodal involvement by 
PTCL-NOS; and ALCL, and ALK+ small-cell and 
histiocyte-rich variants are included in this category. 
The differential diagnosis will be affected by the spe-
cific clinical presentation. Initial stratification may 
be based on the EBV-EBER status. If EBER is posi-
tive, ENKTCL is suggested and can be confirmed by 
CD56 expression. If EBER is negative, the differential 
diagnosis may include EATL; HSTCL; ALCL, ALK+ 
small-cell or histiocyte-rich variants; and extranodal 
PTCL-NOS, depending on the clinical features. The 
stratification can then be based on the expression of 
CD30 and ALK1. If ALK is negative, expression of 
βF1, CD4, CD5, CD8, and CD30 may be useful in 
further classification: EATL is βF1+, CD30+, and 
CD56−/+, whereas HSTCL is usually βF1−, CD30−, 
and CD56+.

Workup
Essential workup includes a complete physical ex-
amination, with particular attention to node-bearing 
areas; determination of the size of liver and spleen, 
symptoms present, and performance status; and 
laboratory studies, including CBC, serum lactate 
dehydrogenase (LDH), hepatitis B testing (see later 
discussion), comprehensive metabolic panel, and 
CT chest/abdominal/pelvic with oral and intrave-
nous contrast (unless coexistent renal insufficiency). 
Multiple-gated acquisition (MUGA) scan or echo-
cardiograms are recommended when anthracyclines 
and anthracenedione-containing regimens are used. 
Bone marrow biopsy with or without aspirate is es-
sential whenever treatment is considered; however, 

it may be deferred in certain circumstances (see 
later discussion).

Because of the risk for hepatitis B reactivation, 
the panel has included hepatitis B testing (hepati-
tis B surface antigen and core antibody) as part of 
essential workup before initiating treatment in all 
patients who will receive rituximab. Furthermore, 
hepatitis B reactivation has been reported with che-
motherapy alone, and testing should be considered 
in anyone with a risk factor (e.g., blood transfusion, 
intravenous drug abuse) or if from a region with a 
non-negligible prevalence of hepatitis B infection. 
For further discussion, see Rituximab and Viral Re-
activation on page 312. Hepatitis C testing is needed 
only in high-risk patients.

Optional procedures (depending on specific 
lymphoma type) include β2-microglobulin, CT 
or PET-CT scans, endoscopic ultrasound (gas-
tric MALT lymphoma), head CT or brain MRI, 
and lumbar puncture to analyze cerebrospinal flu-
id (MCL and DLBCL). Discussion of fertility is-
sues and sperm banking should be addressed in the 
appropriate circumstances.57

Bone marrow biopsy is usually included in the 
workup for all patients with NHL. Bone marrow 
involvement occurs in 39% of low-grade, 36% of 
intermediate-grade, and 18% of high-grade lym-
phomas. Bone marrow involvement was associated 
with significantly shorter survivals in patients with 
intermediate- or high-grade lymphomas.58 In a re-
cent retrospective analysis, the incidence of and pa-
rameters predicting bone marrow involvement were 
analyzed in 192 patients with stage I and II DLBCL. 
Overall incidence of bone marrow involvement was 
3.6%. The authors concluded that bone marrow bi-
opsy may be safely omitted in selected patients with 
early-stage DLBCL.59

The effect of bone marrow biopsy on the man-
agement of patients or on the prognosis of lymphoma 
has not been proven in prospective clinical trials. In 
cutaneous B-cell lymphomas, bone marrow biopsy is 
essential for PCDLBCL, leg type because it is an ag-
gressive lymphoma that will probably require system-
ic treatment, whereas its role in PCFCL and PCMZL 
is less clear. Recent studies have indicated that bone 
marrow biopsy is an essential component of staging 
in patients with PCFCL first presenting in the skin, 
whereas it appears to have limited value in patients 
with marginal zone lymphoma presenting in the skin, 
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and may be considered only in selected cases.60,61

These guidelines include bone marrow biopsy 
with or without aspirate as part of essential workup 
for all lymphomas. However, in patients with low-
bulk indolent disease with radiographic clinical stage 
III disease, an initial staging bone marrow evalua-
tion can be deferred if observation is recommended 
because it will not change the clinical recommen-
dations, but it is essential for evaluating potentially 
early-stage indolent lymphomas (clinical stage I or 
II). Some panel members advocate bilateral core bi-
opsies in this situation.62 Bilateral cores are recom-
mended if radioimmunotherapy is considered.

FDG-PET scan has been used for initial staging, 
restaging, and follow-up of patients with NHL.63 In 
a recent meta-analysis, PET showed a high positiv-
ity and specificity when used for the staging and re-
staging of patients with lymphoma.64 However, PET 
scans can be misleading because other organs in ad-
dition to the malignant tumors can take up radioac-
tive FDG. Lesions smaller than 1 cm are not reliably 
visualized with PET scans. PET scan is currently not 
used routinely for staging in lymphoma. Although 
PET scans may detect additional disease sites, the 
clinical stage is only modified in 15% to 20% of pa-
tients; the additional information provided by PET 
scans results in a change in treatment in only 8% of 
patients. PET scan has generally been used in con-
junction with diagnostic CT scans.

Integrated PET-CT has largely replaced the 
dedicated CT scan in the United States. This diag-
nostic study has distinct advantages in both staging 
and restaging compared with full-dose diagnostic 
CT or PET alone.65,66 In a retrospective study, PET-
CT performed with low-dose non-enhanced CT was 
found to be more sensitive and specific than routine 
contrast-enhanced CT in evaluating lymph node 
and organ involvement in patients with Hodgkin 
disease or high-grade NHL.66 Preliminary results of 
another recent prospective study (N = 47 patients; 
those who had undergone prior diagnostic CT were 
excluded) showed a good correlation between low-
dose unenhanced and full-dose enhanced PET-CT 
in evaluating lymph nodes and extranodal disease in 
lymphomas.65 However, the lack of intravenous con-
trast and diminished resolution can make it difficult 
in some cases to interpret the anatomic localization 
and significance of FDG-avid sites. Further studies 
are needed to determine the role of PET-CT scans 

in the initial staging of lymphomas. The panel has 
included PET-CT scan as an optional workup proce-
dure for selected patients.

Supportive Care

Viral Reactivation
Hepatitis B Virus Reactivation: Hepatitis B virus 
reactivation has been reported to occur in patients 
treated with chemotherapy with or without ritux-
imab. Treatment with rituximab alone is also a risk 
for hepatitis B reactivation.67 Reactivation may re-
sult in a fulminant hepatitis, hepatic failure, and 
death. The median time to diagnosis of hepatitis was 
approximately 4 months after the initiation of ritux-
imab, according to the package insert.

Testing of patients at risk for hepatitis B reactiva-
tion should include hepatitis B surface antigen (HB-
sAg) and hepatitis B core antibody (HBcAb). In pa-
tients for whom one or both of these tests is positive, 
a baseline hepatitis B viral load should be determined 
with quantitative PCR. However, a negative baseline 
PCR does not preclude the possibility of activation. 
Patients positive for HBsAg are at a greater risk for 
hepatitis B reactivation than those positive for HB-
cAb.67 In a prospective study of 100 Chinese patients 
undergoing chemotherapy for lymphoma, hepatitis 
developed in 67% of those who were HBsAg+ and 
14% of those who were HBsAg– during cytotoxic 
therapy.68 A retrospective study of Italian patients 
with lymphoma who were HBcAb+ found that 2.7% 
of patients treated with rituximab and chemotherapy 
developed viral reactivation compared with 0.8% of 
those treated with chemotherapy alone. Hepatitis 
was not seen in patients who were observed or un-
derwent other therapy (radiation, antibiotics, inter-
feron).69 Other risk factors for reactivation include 
young age, male gender, elevated pretreatment viral 
load, and prolonged immunosuppression.70

Antiviral prophylaxis has been effective 
in preventing hepatitis B reactivation during 
chemoimmunotherapy in patients who are HB-
sAg+.71–73 The results of a systematic review of 14 
studies showed that lamivudine prophylaxis reduced 
the risk for HBV reactivation by 79% or greater 
in patients who were HBsAg+ undergoing chemo-
therapy. Hepatitis B–associated hepatic failure and 
death may also be reduced.71 None of the patients 
in the preventive lamivudine group developed HBV-

EX2086.0034



NCCN Clinical Practice Guidelines in Oncology

Non-Hodgkin’s Lymphoma

© Journal of the National Comprehensive Cancer Network  |  Volume 8 Number 3  |  March 2010

322

related hepatic failure compared with 21 of 162 pa-
tients in the control group, and only 4 deaths were 
attributable to hepatitis B in the preventive lami-
vudine group compared with 27 deaths in the con-
trol group. Lamivudine was well tolerated with no 
adverse effects.

In a small study randomizing 30 HBsAg+ pa-
tients with lymphoma to receive lamivudine either 
before chemotherapy or for the treatment of in-
creased viral load based on hepatitis B DNA PCR 
levels, Lau et al.74 showed that preemptive antiviral 
treatment with lamivudine was superior to deferred 
treatment. This study of HBV reactivation was ob-
served in 53% of monitored patients and none in 
the prophylaxis group. Interestingly, clinical cancer-
related outcomes were also significantly better in the 
prophylaxis group than the treatment group.

The NCCN guidelines recommend HBsAg and 
HBcAb testing for all patients receiving rituximab. In 
patients from areas with high hepatitis B prevalence 
(Asia, Africa, Eastern Europe, and portions of South 
America) or in which prevalence is not known, all 
patients undergoing immunotherapy, chemotherapy, 
or chemoimmunotherapy should be tested for HBsAg 
and HBcAb (page 312). Empiric antiviral therapy 
with oncologic treatment is recommended for any 
patient who is either HBsAg+ or HBcAb+ and will 
receive rituximab-containing therapy. Patients under-
going chemotherapy alone should receive prophylaxis 
if they have a measurable viral load independent of 
the viral serology. If patients have no measurable vi-
rus according to PCR, prophylaxis should be given 
to those who are HBsAg+ and may be considered in 
those who are HBcAb+.

The optimal duration of prophylaxis remains 
undefined, but the panel recommended it be main-
tained for at least 6 months after the completion of 
oncologic treatment. During the treatment period, 
viral load should be monitored monthly with PCR 
and 3 months thereafter. If viral load is consistently 
undetectable, treatment is considered prophylactic. 
If viral load fails to drop, consultation with a hepa-
tologist is recommended. Several appropriate agents 
are available for viral prophylaxis; good choice will 
be driven by institutional standard or recommenda-
tion from the consultant.
Progressive Multifocal Leukoencephalopathy: Pro-
gressive multifocal leukoencephalopathy (PML) is 
a serious and usually fatal central nervous system 

infection caused by JC polyoma virus. In a recent 
report of 57 cases from the Research on Adverse 
Drug Events and Reports project, 52 patients with 
lymphoproliferative disorders developed PML after 
treatment with rituximab and other treatments that 
included hematopoietic stem cell transplantation, 
or chemotherapy with purine analogs or alkylat-
ing agents.75 Median time from last rituximab dose 
to PML diagnosis was 5.5 months. Median time to 
death after PML diagnosis was 2.0 months. The case-
fatality rate was 90%.

PML is usually diagnosed through PCR of ce-
rebrospinal fluid or sometimes brain biopsy. No ef-
fective treatment exists for PML. Patients must be 
monitored carefully for the development of any neu-
rologic symptoms (page 312). Currently no pretreat-
ment evaluation can be undertaken to predict the 
subsequent development of PML.
Cytomegalovirus Reactivation: Cytomegalovirus re-
activation is a well-documented side effect in patients 
receiving alemtuzumab. Monitoring patients for cy-
tomegalovirus reactivation regularly with PCR is ef-
fective in managing cytomegalovirus reactivation.76 
Cytomegalovirus reactivation is associated with rela-
tively mild or no symptoms when prophylactic mea-
sures are used during treatment with alemtuzumab.

These guidelines recommend cytomegalovirus 
viremia monitoring (every 1–2 weeks) and antiviral 
prophylaxis (valganciclovir during treatment and for 
2 months after the completion of treatment) for pa-
tients during treatment with alemtuzumab.

Autoimmune Cytopenias
Autoimmune hemolytic anemia (AIHA), immune-
mediated thrombocytopenia, also known as immune 
thrombocytopenic purpura (ITP), and pure red 
blood cell aplasia are well documented in patients 
with CLL.77

The incidence of AIHA is related to stage, dis-
ease progression, and IgVH mutational status. Treat-
ment-related AIHA (after treatment with fludara-
bine) may be severe. Fludarabine therapy should be 
discontinued and subsequent use of the agent should 
be avoided in these cases. AIHA can be managed 
with corticosteroids in most cases; however, intrave-
nous immune globulin (IVIg), immunosuppression, 
and splenectomy have been used in steroid refrac-
tory cases. Case reports and retrospective analyses 
have indicated favorable responses to rituximab in 
patients with refractory AIHA.78
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First-line therapy with steroids is recommended 
for ITP. Similarly, IVIg, cyclosporin, splenectomy, 
and rituximab can be effective in treating steroid-
refractory ITP.79,80 More recently, synthetic thrombo-
poietin-like agents such as romiplostim and eltrom-
bopag have shown promising results in the treatment 
of thrombocytopenia associated with ITP.81–84 In 
2008, both romiplostim and eltrombopag received 
FDA approval for the treatment of thrombocytope-
nia in patients with ITP refractory to steroids, IVIg, 
and splenectomy.

Pure red blood cell aplasia can complicate the 
management of lymphoproliferative disorders, in-
cluding CLL. Management strategies include the 
need to treat the underlying disorder. Corticosteroids 
tend to be less effective in treating pure red blood 
cell aplasia than ITP or AIHA. If corticosteroids 
are not effective, cytotoxic or immunosuppressive 
therapy can be used, including cyclophosphamide, 
6-mercaptopurine, azathioprine, and cyclosporin. 
Alemtuzumab has been reported to be active in 
steroid-refractory cases.85 In the very refractory cases, 
allogeneic stem cell transplantation maybe necessary.

Tumor Lysis Syndrome
Tumor lysis syndrome (TLS) is characterized by met-
abolic abnormalities caused by the abrupt release of 
intracellular contents into the blood resulting from 
cellular disintegration induced by chemotherapy. It 
is usually observed within 12 to 72 hours after the 
start of chemotherapy.86 Unchecked TLS can induce 
profound metabolic changes resulting in cardiac ar-
rhythmias, acute renal failure, and death.

The risk factors for TLS include bulky tumors 
that are chemosensitive, rapidly proliferative or ag-
gressive hematologic malignancies, an elevated leu-
kocyte count, and an elevated pretreatment LDH 
level. The most likely histologies are lymphoblastic 
lymphoma and Burkitt’s lymphoma. However, bulky 
presentation of DLBCL and patients with CLL and a 
high white blood cell count may experience TLS at 
a moderately high frequency.

Cairo and Bishop87 recently classified TLS into 
laboratory and clinical types. Laboratory TLS is de-
fined as a 25% increase in the levels of serum uric 
acid, potassium, or phosphorus or a 25% decrease 
in calcium levels. Clinical TLS refers to labora-
tory TLS with clinical toxicity that requires inter-
vention. Clinical complications may include renal 
insufficiency, cardiac arrhythmia, or seizures. The 

4 primary electrolyte abnormalities of TLS are hy-
perkalemia, hyperuricemia, hyperphosphatemia, 
and hypocalcemia. Symptoms associated with TLS 
may include nausea and vomiting, diarrhea, seizures, 
shortness of breath, and irregular heartbeat.

TLS is best managed if anticipated and treat-
ment started before chemotherapy. The cornerstone 
for the management of TLS is hydration. It is also 
essential to control hyperuricemia. Allopurinol 
should be administered before the initiation of che-
motherapy, wherein patients whose uric acid level 
remains elevated despite treatment with allopuri-
nol or who have renal insufficiency, treatment with 
rasburicase is indicated. Electrolytes and renal func-
tion should be monitored every 6 to 8 hours, with 
appropriate interventions for hyperkalemia and hy-
perphosphatemia. Careful clinical monitoring will 
help to preempt complications, and in many cases 
admission to the intensive care unit is appropriate. 
Cardiac monitoring or serial electrocardiogram may 
be beneficial to identify early electrolyte-related 
cardiac abnormalities.

Allopurinol is a xanthine analog and a competi-
tive inhibitor of xanthine oxidase, thereby blocking 
conversion of purine metabolites to uric acid. Allo-
purinol will decrease the formation of uric acid pro-
duction and has been shown to reduce the incidence 
of uric acid uropathy.88 Because it inhibits new uric 
acid formation rather than reduces existing uric acid, 
elevated levels of uric acid can take several days to 
normalize after initiation of treatment, thereby de-
laying the start of chemotherapy. Furthermore, allo-
purinol may lead to the accumulation of xanthine 
crystals in renal tubules, leading to acute obstructive 
uropathy. It is also associated with reduced clearance 
of 6-mercaptopurine and high-dose methotrexate.

Rasburicase is a recombinant urate oxidase that 
catalyzes the oxidation of uric acid to a highly sol-
uble nontoxic metabolite that is easily excreted. It 
has been shown to be safe and highly effective in 
preventing and treating chemotherapy-induced hy-
peruricemia in children and adults.89 The GRAAL1 
(Groupe d’Etude des Lymphomes de l’Adulte Trial 
on Rasburicase Activity in Adult Lymphoma) study 
evaluated the efficacy and safety of rasburicase for 
preventing and treating hyperuricemia in patients 
with NHL during induction chemotherapy.90 Uric 
acid levels decreased within 4 hours after the first 
injection of the drug. Creatinine levels and other 
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metabolites were also controlled with the adminis-
tration of rasburicase.

Cortes et al.91 recently reported the results of a 
prospective, randomized controlled trial comparing 
the efficacy of rasburicase and allopurinol in adult 
patients with hematologic malignancies at high or 
potential risk for TLS. The normalization of serum 
uric acid levels (≤ 7.5 mg/dL) at 3 to 7 days was 87% 
in the rasburicase arm, 78.3% in the rasburicase plus 
allopurinol arm, and 65.9% in the allopurinol arm. 
Rasburicase was superior to allopurinol in the over-
all study population, in patients at high-risk for TLS 

(89.0% vs. 62.8%), and in those with baseline hy-
peruricemia (89.5% vs. 52.9%). The time to control 
serum uric acid in hyperuricemic patients was 4.1 and 
27 hours in the rasburicase and allopurinol arms, re-
spectively. However, rasburicase can induce anaphy-
lactic reactions and the development of antibodies. 
Other adverse reactions include methemoglobin-
emia and severe hemolysis in patients with glucose-
6-phosphate dehydrogenase (G6PD) deficiency.

The NCCN guidelines recommend that allopu-
rinol should be started 2 to 3 days before chemother-
apy and continued for 10 to 14 days. When uric acid 
levels rise despite the use of allopurinol, patients can 
be switched to rasburicase (page 309).

Burkitt’s Lymphoma

Overview
Burkitt’s lymphoma is a rare and aggressive B-cell 
tumor typically involving extranodal disease sites. 
The WHO classification describes 3 clinical vari-
ants of Burkitt’s lymphoma: endemic, sporadic, and 
immunodeficiency-associated Burkitt’s lymphoma. 
The endemic variant is the most common form of 
Burkitt’s lymphoma that occurs in African children, 
and nearly all cases are associated with EBV infec-
tion. Sporadic Burkitt’s lymphoma accounts for 1% to 
2% of all adult lymphomas in the United States and 
Western Europe.92,93 Immunodeficiency-associated 
Burkitt’s lymphoma occurs mainly in patients infect-
ed with HIV, in some posttransplant patients, and in 
individuals with congenital immunodeficiency.

Diagnosis
The typical immunophenotype of Burkitt’s lympho-
ma is sIg+, CD10+, CD19+, CD 20+, CD22+, TdT, 
Ki67+ (100%), BCL2−, and BCL6+. Most cases 

(80%) of classical Burkitt’s lymphoma are charac-
terized by t(8;14), which causes the juxtaposition of 
MYC gene from chromosome 8 with the IgH region 
on chromosome 14.31 Other variants, such as t(8;22) 
or t(2;8), are less common. Some cases of DLBCL 
are also associated with an overexpression of MYC. 
Therefore, diagnosing Burkitt’s lymphoma can be 
challenging using routine cytogenetic analysis. FISH 
using a break-apart probe or long-segment PCR is 
more reliable for detecting t(8;14) and its variants.94 
Recent studies by Dave et al.32 and Hummel et al.33 
reported gene expression profiling as an accurate, 
quantitative method for distinguishing Burkitt’s lym-
phoma from DLBCL. However, this technique is not 
yet recommended for widespread clinical use.

The 2008 WHO lymphoma classification elimi-
nates atypical Burkitt’s lymphoma. For cases without 
typical morphology or immunophenotype, a pro-
visional category has been introduced, B-cell lym-
phoma, unclassifiable, with features intermediate be-
tween DLBCL and Burkitt’s lymphoma.16 This group 
also includes cases that harbor MYC and BCL2 trans-
locations, the so-called “double-hit” lymphomas.

Workup
The initial diagnostic workup for Burkitt’s lympho-
ma includes a detailed physical examination (with 
special attention to node-bearing areas, liver, and 
spleen) and CT scans of the chest, abdomen, and 
pelvis (page 290). PET or integrated PET-CT scans 
are not recommended for routine use, because find-
ings of PET or PET-CT would probably not alter 
therapy for patients with newly diagnosed Burkitt’s 
lymphoma. If the treatment includes an anthracy-
cline-containing regimen, cardiac evaluation with 
MUGA scan or echocardiogram is recommended. 
Bone marrow aspiration, biopsy, and lumbar punc-
ture are essential. In these highly aggressive lym-
phomas, as in DLBCLs, the serum LDH level has 
prognostic significance. These tumors exhibit a high 
degree of cellular proliferation, as determined by Ki-
67 staging, and frequent 8q translocations. Because 
Burkitt’s lymphoma is frequently associated with 
HIV infection, HIV serology should be part of the 
diagnostic workup for these diseases.

Treatment
Burkitt’s lymphoma is curable in a significant subset 
of patients when treated with dose-intensive, mul-
tiagent chemotherapy regimens, including central 
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nervous system prophylaxis. Approximately 60% 
to 90% of pediatric and young adult patients with 
Burkitt’s lymphoma experience durable remission if 
treated appropriately. However, the outcome of older 
adults with Burkitt’s lymphoma seems to be less fa-
vorable, but patients older than 40 are significantly 
underrepresented in the published clinical trials.95 
It is preferred that patients with Burkitt’s be treat-
ed at centers with expertise in the management of 
the disease.

Most regimens used in adult patients were devel-
oped from the pediatric protocols. TLS is more com-
mon in patients with Burkitt’s lymphoma and should 
be managed as outlined in the section on Tumor Lysis 
Syndrome (page 323).

CODOX-M (cyclophosphamide, vincristine, 
doxorubicin, high-dose methotrexate), alternating 
with IVAC (ifosfamide, etoposide, and high-dose 
cytarabine), is a highly effective regimen developed 
by Magrath et al.96 Both cycles included intrathecal 
chemotherapy (cytarabine or methotrexate). In 1998, 
Adde et al.97 reported the updated results obtained 
with 4 cycles of CODOX-M/IVAC protocol given 
to 66 previously untreated patients (55 Burkitt’s or 
Burkitt’s-like lymphoma and 11 had DLBCL). The 
1-year event-free survival rate was 85% and the me-
dian follow-up was 48 months.

In an international phase II study, Mead et al.98 
established the value of a modified CODOX-M/IVAC 
regimen in adults with Burkitt’s lymphoma. Patients 
at low-risk were treated with 3 cycles of modified 
CODOX-M and those at high-risk with 4 cycles of 
modified CODOX-M and IVAC. In low-risk patients, 
2-year event-free and overall survival were 83% and 
81%, respectively, compared with 60% and 70% for 
high-risk patients. Modified CODOX-M regimen was 
also effective and well tolerated in elderly patients 
with Burkitt’s or Burkitt’s-like lymphoma.99

A regimen of hyperCVAD (hyperfractionated 
cyclophosphamide, vincristine, doxorubicin, and 
dexamethasone) alternating with methotrexate and 
cytarabine (including intrathecal methotrexate) was 
evaluated in a trial of 26 patients with Burkitt’s-like 
ALL.100 The complete response rate was 81% and the 
3-year overall survival rate was 49%. Overall survival 
was higher in patients younger than 60 years (77% vs. 
17% in patients > 60 years).

The CALGB 9251 study evaluated the efficacy of 
intensive chemotherapy with and without cranial ra-

diation for central nervous system prophylaxis in adult 
patients with Burkitt’s leukemia or lymphoma.101 Giv-
en the severe neurotoxicity, the protocol was amend-
ed after the first 52 of 92 patients were enrolled. The 
3-year event-free survival rate was 52% in the cohort 
of patients who received intensive central nervous 
system prophylaxis (cranial radiotherapy and 12 doses 
of triple intrathecal chemotherapy), compared with 
45% in those treated with only 6 doses chemotherapy 
and cranial irradiation.

The HOVON group showed the feasibility and 
efficacy of intensive high-dose induction chemo-
therapy (prednisone, cyclophosphamide, doxorubi-
cin, etoposide, and mitoxantrone, without high-dose 
methotrexate or high-dose cytarabine) followed by 
consolidation with BEAM (carmustine, etoposide, cy-
tarabine, melphalan) and autologous stem cell trans-
plant in untreated adults with Burkitt’s or Burkitt’s-
like lymphoma.102 In this study, the 5-year overall and 
event-free survival rates were 81% and 73%, respec-
tively, for patients with Burkitt’s or Burkitt’s-like lym-
phoma. In a small series of patients with Burkitt’s or 
Burkitt’s-like lymphoma, the high-dose CHOP with 
mid-cycle methotrexate regimen produced response 
and event-free survival rates comparable to other regi-
mens, with an acceptable toxicity profile.103

Given that Burkitt’s lymphoma is CD20+, the 
addition of rituximab to chemotherapy has also been 
investigated. Thomas et al.104 evaluated the addi-
tion of rituximab to hyperCVAD regimen in a phase 
II trial involving 31 patients with newly diagnosed 
Burkitt’s lymphoma or Burkitt’s ALL. The initial 
report showed encouraging results, with an 86% 
complete response rate. The 3-year event-free and 
disease-free survival rates were 80%, and 88%, re-
spectively. The 3-year overall survival rates (89% vs. 
88%) were similar in elderly and younger patients.104 
In the updated report, with a median follow-up of 46 
months, 4-year overall survival rates (75% vs. 50%) 
and overall survival rates in patients younger than 
60 (76% vs. 70% ) and those 60 years or older (72% 
vs. 19%) were superior for hyperCVAD with ritux-
imab, in historical comparison with patients treated 
with hyperCVAD alone.105 The results of this study 
showed that the addition of rituximab to hyper-
CVAD improves long-term outcome, particularly in 
elderly patients.

Hoelzer106 recently reported the results of a large 
prospective study, which showed a substantial im-
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provement in the overall survival of younger and 
older patients with Burkitt’s lymphoma treated with 
rituximab in combination with an intensive chemo-
therapy regimen developed by GMALL. The 3-year 
overall survival rate was 91%.

In a recent prospective study, dose-adjusted 
EPOCH (etoposide, prednisone, vincristine, cyclo-
phosphamide, and doxorubicin) with rituximab was 
highly effective in both HIV-positive and -negative 
patients with Burkitt’s lymphoma, with no central 
nervous system involvement at diagnosis. Overall 
and progression-free survival were 100% and 95%, 
respectively, with a median follow-up of 27 months.107

The management of patients with B-cell lym-
phoma, unclassifiable, with features intermediate 
between DLBCL and Burkitt’s lymphoma, and pa-
tients with “double-hit” lymphoma, has not been 
well studied. Outcomes of CHOP with rituximab 
(R-CHOP) chemotherapy are poor. In a recent re-
port, Mead et al.108 evaluated the CODOX-M regi-
men (with or without IVAC based on the risk sta-
tus) in patients with high-grade B-cell lymphomas. 
Patients with Burkitt’s lymphoma had superior out-
comes than those without, which was characterized 
by a germinal center phenotype, absence of BCL2 
expression, abnormal TP53 expression, presence of 
MYC rearrangement, and the absence of t(14;18) or 
3q27 rearrangements.

NCCN Recommendations
These guidelines recommend the following chemo-
therapy regimens for both high- and low-risk patients 
(pages 292 and 293):
•	 Modified CODOX-M with or without ritux-

imab (3 cycles) for low-risk patients (completely 
resected abdominal lesions or a single extra-
abdominal mass and normal LDH level).

•	 Modified CODOX-M/IVAC with or without 
rituximab (4 cycles) for high-risk patients.

•	 HyperCVAD with rituximab, dose-adjusted EP-
OCH plus rituximab, or CALGB 9251 regimen.
Disease relapse after 2 years is rare after com-

plete remission to induction therapy, and follow-up 
should be individualized according to patient’s char-
acteristics. Patients with relapsed or refractory dis-
ease should be treated in the context of a clinical 
trial whenever possible. High-dose therapy and au-
tologous stem cell transplantation is an appropriate 
option for patients with relapsed disease.

Lymphoblastic Lymphoma

Overview
Lymphoblastic lymphoma is a rare disease that rep-
resents only 2% of all the NHLs in adults. Most 
(80%–90%) lymphoblastic lymphoma is a T-cell 
malignancy that usually occurs in young men. T-
cell lymphoblastic lymphoma is a clinically aggres-
sive disease with frequent involvement of extra-
nodal sites, particularly the bone marrow and central 
nervous system.

Diagnosis
Immunophenotyping studies are essential to dis-
tinguish between the precursor T- and B-cell lym-
phoblastic lymphoma. Typical immunophenotypes 
of precursor B-cell lymphoblastic lymphomas in-
clude dim expression of slg–, CD10+/−, CD19+, 
CD20−/+, TdT+, and precursor T-cell lymphoblastic 
lymphomas are characterized by dim expression of 
slg–, CD10–, CD1a+/−, CD2+, CD3−/+, CD4/8+/+, 
CD7+, CD19/20−, and TdT+.

Workup
The initial diagnostic workup for lymphoblastic 
lymphoma includes a detailed physical examination 
(with special attention to node-bearing areas, liver, 
and spleen) and CT scans of the chest, abdomen, 
and pelvis (page 294). Bone marrow aspiration, bi-
opsy, and lumbar puncture are essential. If the treat-
ment includes an anthracycline-containing regimen, 
pretreatment cardiac evaluation with MUGA scan 
or echocardiogram is recommended. If significant 
cardiac dysfunction is identified, cardiac consulta-
tion is necessary before the use of anthracyclines 
or anthracenediones.

Treatment
The prognosis of adult lymphoblastic lymphomas 
treated with regimens used for other subtypes of ag-
gressive NHLs has generally been poor.109 Lympho-
blastic lymphoma has generally been treated with 
regimens appropriate for ALL.110 TLS is more com-
mon in patients with lymphoblastic lymphoma and 
should be managed as outlined in  the section on Tu-
mor Lysis Syndrome (page 323).

The 5-drug intensive chemotherapy (dose-inten-
sive cyclophosphamide and anthracycline, standard-
dose vincristine and asparaginase, and intrathecal 
methotrexate) used in CALGB 8811 for adult pa-
tients with ALL produced a complete response rate of 
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85%.111 The response rate was 94% in patients young-
er than 30 years. The estimated 3-year overall survival 
rate was 69% for patients younger than 30 years, 39% 
for those 30 to 59 years, and 17% in patients older 
than 60 years.

Another study from German multicenter ALL 
study group also reported a favorable outcome in adult 
patients with lymphoblastic lymphoma treated with 
the BFM ALL regimen (8-drug induction chemo-
therapy involving prednisone, vincristine, daunoru-
bicin, L-asparaginase, cyclophosphamide, cytarabine, 
6-mercaptopurine, and intrathecal methotrexate, 
including prophylactic cranial and mediastinal ir-
radiation followed by consolidation and reinduction 
therapy).112 Overall, 42 patients (93%) experienced 
a complete response. The estimated 7-year overall 
survival, durable remission, and disease-free survival 
rates were 51%, 65%, and 62%, respectively.

In a study conducted by M. D. Anderson Can-
cer Center, patients with lymphoblastic lymphoma 
treated with the hyperCVAD regimen experienced 
a 91% complete response rate. The 3-year progres-
sion-free (66%) and overall survival rates (70%) 
compared favorably with the previously published 
results for ALL regimens.113,114 In this trial, radio-
therapy was recommended for all patients with me-
diastinal disease to reduce the risk for mediastinal re-
currence. After the completion of induction therapy, 
patients underwent maintenance therapy with the 
POMP (mercaptopurine, methotrexate, vincristine, 
and prednisone) regimen.115

High-dose therapy with hematopoietic stem cell 
transplant (HSCT) has also been investigated to 
consolidate complete remission after induction ther-
apy.116,117 Adults with lymphoblastic lymphoma ex-
periencing first remission showed a trend toward im-
proved relapse-free survival with use of ASCT, but no 
improvement in overall survival was seen compared 
with conventional-dose therapy.117 In another report 
from IBMTR, patients who underwent allogeneic 
HSCT had significantly lower relapse rates at 1 and 
5 years than those who underwent ASCT (32% vs. 
46%, respectively), but showed no significant differ-
ence in 5-year lymphoma-free survival rates (36% vs. 
39%, respectively), although allogeneic HSCT was 
also associated with higher toxicity and treatment-re-
lated mortality.116 In a more recent report, a German 
study group reported that adult patients with relapsed 
ALL who proceeded directly to allogeneic HSCT had 

better outcomes than those who received reinduction 
chemotherapy before transplantation.118

NCCN Recommendations
Patients with stage I to IV disease can be treated 
with any of the regimens listed on pages 296 and 297 
(BFM regimen, CALGB ALL regimen, hyperCVAD 
followed by POMP maintenance, or LMB-86 regi-
men) or in clinical trials. Maintenance chemothera-
py (up to 2 years) based on the treatment protocol is 
recommended. Poor-risk patients can be considered 
for high-dose therapy with autologous or allogeneic 
stem cell rescue. Patients with complete response 
to induction therapy can be observed or treated in 
clinical trials. Patients with biopsy-proven partial 
response are considered to have experienced failed 
treatment and should proceed to second-line therapy 
(page 295).

These guidelines recommend reinduction with 
combination chemotherapy or allogeneic HSCT 
for patients experiencing relapsed disease (page 
295). Enrollment in clinical trials is encouraged to 
refine these approaches, and the most appropriate 
therapy should be chosen in consultation with an 
expert in lymphoma.

AIDS-Related B-Cell Lymphoma

Overview
AIDS-related lymphoma (ARL) is usually an AIDS-
defining diagnosis in patients infected with HIV. Be-
fore the development of highly active antiretroviral 
therapy (HAART), ARL often presented with wide-
spread extranodal disease, central nervous system 
involvement, and poor prognosis.119 However, the 
incidence of HIV-associated lymphoma has fallen 
in the HAART era.120 With the use of combina-
tion antiretroviral therapy, the survival of patients 
diagnosed with HIV-related systemic NHL has im-
proved, with two thirds of patients surviving for lon-
ger than 1 year after diagnosis.121 Burkitt’s lymphoma 
and DLBCL are the most common forms of ARLs. 
Patients who develop Burkitt’s lymphoma generally 
have higher CD4 counts, although a small fraction 
may present with CD4 counts less than 100. Primary 
central nervous system lymphoma develops in pa-
tients with very low CD4 counts and is most often 
seen in uncontrolled AIDS. DLBCL occurs in pa-
tients between these extremes.
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Plasmablastic lymphoma and primary effusion 
lymphoma are seen more commonly in patients with 
HIV than in those without. Primary effusion lym-
phoma accounts for fewer than 5% of the ARL cases, 
most often occurring in the pleural, pericardial, and 
abdominal cavities.122,123 Primary effusion lympho-
mas are associated with HHV8 infection, and many 
are also coinfected with EBV. Plasmablastic lym-
phoma is another unique large B-cell lymphoma that 
mainly involves the jaw and oral cavity of HIV-in-
fected patients.124 Multicentric Castleman’s disease 
is prevalent in HIV-infected individuals and has also 
been associated with HHV8 infection and increased 
incidence of lymphoma.125

Diagnosis
The diagnostic evaluation of HIV-associated lym-
phoma is not different from the non–HIV-associated 
disease. The major factor is to distinguish between 
Burkitt’s lymphoma and DLBCL. Hodgkin and in-
dolent lymphomas are seen at a higher incidence 
in patients with HIV than the general population, 
but are much less common than Burkitt’s lymphoma 
or DLBCL.

Workup
Diagnostic evaluation is as outlined earlier for 
Burkitt’s lymphoma. However, all patients (despite 
histology) should have a lumbar puncture to rule out 
central nervous system involvement. In addition, 
baseline values for CD4 counts and viral load should 
be obtained (page 298).

Treatment
Optimal management of HIV-associated lymphoma 
is not established. However, several key factors have 
emerged as being important to improve outcome. 
In general, studies have shown early introduction 
of HAART therapy to be associated with superior 
outcomes, which has allowed for the administration 
of more dose-intense regimens and a reduction in 
treatment-associated toxicity.126,127

In the NHL HIV 93 trial of risk-adapted inten-
sive chemotherapy in patients with ARL, Mounier 
et al.128 reported that HIV score, IPI (international 
prognostic index) score, and HAART affect survival 
in patients with ARL but not the intensity of the 
chemotherapy. Combination chemotherapy regi-
mens such as CHOP or CDE (cyclophosphamide, 
doxorubicin, and etoposide) given with concomi-
tant HAART,129–131 or the EPOCH regimen given 

without HAART,132 have been proven effective and 
tolerable in patients with ARL.

In the HAART era, the median survival of pa-
tients with HIV-associated DLBCL is similar to 
those with non–HIV-associated DLBCL. There has 
been conflicting data regarding the outcomes of pa-
tients with HIV-associated Burkitt’s lymphoma. One 
study showed a median survival of only 6 months.133 
However, a retrospective analysis by Wang et al.134 
reported that HIV-positive and -negative patients 
with Burkitt’s lymphoma had similar outcomes when 
treated with CODOX-M/IVAC.

The safety and efficacy of rituximab in combi-
nation with chemotherapy has also been evaluated 
in clinical trials. In the only randomized phase III 
trial conducted by the AIDS Malignancies Consor-
tium (AMC), the addition of rituximab to CHOP 
increased the risk for neutropenia and infection, 
particularly in patients with CD4 counts of less than 
50, and showed no net benefit in patients with HIV-
associated lymphoma, although it was associated 
with improved tumor responses.135 In subsequent 
phase II trials, however, rituximab in combination 
with CHOP or infusional CDE regimens was fea-
sible and highly effective, with an acceptable tox-
icity level in patients with ARL.136–138 Long-term 
follow-up of patients with ARL treated with com-
bination  rituximab and CDE concomitantly with 
HAART produced a complete response rate of 
70%, and time to treatment failure at 5 years was 
52%, which are comparable to those observed in 
non–HIV-positive patients.139

In a recent report, Dunleavy et al.140 showed that 
the addition of rituximab to the EPOCH regimen is 
highly effective and tolerable in patients with ARL, 
and enables the administration of fewer treatment 
cycles. In this study, the addition of rituximab did 
not seem to cause serious infection-related compli-
cations or deaths. The AMC trial evaluated the use 
of sequential versus concurrent rituximab in combi-
nation with the EPOCH regimen. In this phase II 
randomized trial, complete response was observed 
in 73% and 55% of evaluable patients in the con-
current and sequential arms, respectively.141 Toxic-
ity was comparable in the arms, although patients 
with a baseline CD4 count of less than 50 had a high 
infectious death rate in the concurrent arm. The 
2-year progression-free survival rates in the concur-
rent and sequential arms were 64% and 60%, re-
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spectively. The authors concluded that concurrent 
rituximab plus infusional EPOCH is an effective 
regimen for HIV-associated lymphoma, which mer-
its further evaluation.

NCCN Recommendations
These guidelines recommend the use of HAART 
and growth factor support along with full-dose che-
motherapy (page 299). Prophylaxis with intrathe-
cal chemotherapy has also emerged as an important 
component of care in patients with DLBCL.

Patients with AIDS-related Burkitt’s lymphoma 
should be treated with chemotherapy (with or with-
out rituximab), such as CODOX-M alternating with 
IVAC, dose-adjusted EPOCH, CDE, or CHOP che-
motherapy with or without high-dose methotrexate 
(not exceeding 3 g/m2).

Patients with AIDS-related DLBCL should be 
treated with dose-adjusted EPOCH, CDE, CHOP, or 
CDOP (cyclophosphamide, liposomal doxorubicin, 
vincristine, and prednisone). The omission of ritux-
imab is strongly suggested for those with CD4 counts 
of less than 100 because of the higher risk for infec-
tious toxicities. Patients with lymphoma associated 
with multicentric Castleman’s disease and primary 
effusion lymphoma can also be treated with the same 
regimens described for patients with DLBCL. Be-
cause most cases of primary effusion lymphoma are 
CD20–, the addition of rituximab is not indicated.

Plasmablastic lymphoma was associated with a 
poor prognosis in the pre-HAART era, but prognosis 
is now better when intensive chemotherapy regimens 
are used along with HAART. Outcome of HIV-posi-
tive patients with plasmablastic lymphoma treated at 
the Memorial Sloan-Kettering Cancer Center were 
superior to most reports in the literature.142 Among 
6 patients treated with anthracycline-based mul-
tiagent chemotherapy along with HAART, 5 were 
alive and disease-free, with a median follow-up of 22 
months. These guidelines recommend CODOX-M/
IVAC, EPOCH, or hyperCVAD regimens for pa-
tients with plasmablastic lymphoma.

Primary central nervous system lymphoma is as-
sociated with severe immunosuppression and poor 
prognosis. In a retrospective study, patients with 
primary central nervous system lymphoma treated 
with HAART and radiotherapy had a more favor-
able outcome.79 High-dose methotrexate, radiother-
apy, or antiretroviral therapy can be considered for 
these patients.
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