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Non-Hodgkin's lymphomas (NHL) are a heterogeneous group of 
lymphoid malignancies defined by characteristic lymph node patterns 
and histology. Most NHL are B cell in origin, with fewer of the T
cell phenotype. Each histologic entity of NHL has a distinct clinical 
presentation, natural history, and survival pattern [1]. Several classifi
cation schema have previously been used to organize the different 
histologic entities ofNHL. The International Working Formulation 
[2] recognizes three prognostic categories including those with low-, 
intermediate-, and high-grade histologies. Newer schemas like the 
REAL [3] and WHO classifications [4] use morphology, 
immunophenotyping, genetic and clinical features to characterize 
subtypes of NHL. The proposed WHO classification categorizes 
lymphoid neoplasms into B-cell and T -cell/NK cell neoplasms [ 4,5]. 

ETIOLOGY AND RISK FACTORS 
Although the specific cause of NHL remains unknown, both genetic 
and environmental factors have been implicated. Established genetic 
factors include X-linked lymphoproliferative syndrome. 
Environmental exposures to viruses (eg, Epstein-Barr virus [EBV]), 
and to irradiation are also purported causative factors. Mucosa-asso
ciated lymphoid tissue (MALT) lymphomas are associated with 
Helicobacter pylori infection [6]. The human T-celllymphotrophic 
virus (HTL V -1) retrovirus is associated with adult T -cell 
leukemia/lymphoma, a form of peripheral T -cell lymphoma. HIV
associated NHLs are related to retroviral infection as a result of 
virus-associated immunodeficiency rather than a direct tumor
promoting effect by the virus. 

DIAGNOSIS 
Diagnosis of NHL requires histopathology review in conjunction 
with immunophenotyping and molecular studies. The architectural 
pattern, either follicular or diffuse, is generally evaluated on lymph 
node rather than extranodal specimens. Immunohistochemical stains 
are used to characterize cell surface markers. Demonstration ofB-cell 
clonality may be performed on fixed tissue using immunoperoxidase 
methods, by Southern blot analysis or by polymerase chain reaction 
(PCR) analysis. Identification ofT -cell clonality is performed using 
molecular studies of fresh tissue for the T -cell receptor gene 
rearrangement. Specific immunophenotypic patterns may help 
distinguish histologic subtypes, which appear morphologically simi
lar, such as mantle cell lymphoma and small lymphocytic 
lymphoma/chronic lymphocytic leukemia. 

STAGING 
Mter the diagnosis ofNHL has been established by pathology review, 
a staging evaluation is performed to determine the extent of disease 
involvement. The Ann Arbor staging classification for Hodgkin's 
disease is often applied to NHL with some modifications. Standard 
staging studies for NHL are provided in Table 19-1. Diagnostic stag
ing studies include a complete blood profile and lactate dehydroge
nase (LDH), CT scans, and bone marrow biopsy. In patients with 
aggressive NHLs, a gallium scan is routinely performed at diagnosis 
to determine sites of disease and to follow response to treatment. The 
positron emission tomography (PET) scan is a newer dynamic imag
ing study being used in NHL. Although it appears to be a sensitive 
nuclear imaging tool, the role of PET scans in the management of 
NHL has not yet been clearly defined [7,8]. 

INDOLENT LYMPHOMAS 
Follicular Lymphoma (Grades 1 and 2), Small Lymphocytic Lymphoma, 
and Marginal Zone Lymphoma 

In the REAL and WHO classifications, several histologic 
subtypes correspond to the low-grade histologies defined in the 
Working Formulation. Small lymphocytic lymphoma is further 
subclassified into small lymphocytic lymphoma (chronic lympho
cytic leukemia [CLL] type), lymphoplasmacytic lymphoma, and 
marginal zone lymphoma (nodal, splenic, or MALT types). It is 
now recognized that small lymphocytic lymphoma and CLL 
represent different clinical presentations of the same disease. 
Lymphoplasmacytic lymphoma is also considered a small lympho
cytic lymphoma with plasmacytic differentiation and association 
with a IgM paraproteinemia [ 4]. 

Follicular lymphomas are subclassified into three histologic grades 
(grades 1, 2, and 3) according to the number of large cells present 
[ 4,9]. Follicular lymphomas-grades 1 and 2 are thought to be 
closely related to each other, and generally follow an indolent course 
of disease. Follicular lymphoma grade 3, while retaining a similar 
overall survival pattern as the lower grades, tends toward earlier 
relapses and is often treated like other large cell lymphomas (see 
section on Aggressive Lymphomas). The reciprocal t[14;18] translo
cation is identified in most cases of follicular lymphoma. This chro
mosomal aberration causes dysregulation and overexpression of 
BCL-2, an antiapoptosis oncogene. 

Indolent lymphomas are generally considered incurable and follow 
a continual pattern of relapse despite good response to treatment [10]. 
They typically present in advanced stage with generalized adenopathy 
with or without bone marrow involvement. Hepatosplenomegaly or 
extranodal involvement (gastrointestinal [GI] tract, lung, skin, bone 
or epidural) may also occur. Gastrointestinal tract involvement is 
particularly common in MALT lymphomas, which is associated with 
Helicobacter pylori infection. Despite frequent bone marrow disease, 
meningeal involvement rarely occurs. Peripheral blood lymphocytosis 
is fairly common, as is the presence of a monoclonal gammopathy. 
Approximately 30% to 40% of patients with indolent lymphoma will 
eventually undergo histologic transformation to an aggressive non
Hodgkin's lymphoma [11,12]. 

Table 19-1. Diagnostic and Staging Evaluation for 
Non-Hodgkin's Lymphoma 

Physical examination: examine peripheral lymph nodes, tonsils, spleen, and liver 
Blood work: complete blood count and differential, peripheral blood smear, lactate 

dehydrogenase, renal function, liver function 
Radiographic imaging 

CT scans of chest, abdomen, pelvis 
Gallium scan (for aggressive lymphomas); possibly PET scan 
Selected studies of the CNS, gastrointestinal tract, or bone depending on symptoms 

Histopathology 
Lymph node biopsy 
Hematopathology review; classification according to REAL or WHO classification 
lmmunophenotyping by immunohistochemistry or flow cytometry 
Bone marrow biopsy 
Cerebrospinal fluid cytology in aggressive lymphomas with documented bone, bone marrow, 

testicular, nasopharyngeal involvement, or multiple extranodal sites of disease 
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Few patients with indolent lymphomas present with limited stage 
disease, defined as clinical stage I or II. Patients with limited sites of 
disease in the periphery are candidates for regional radiation therapy 
alone. Treatment outcome is generally excellent with low morbidity 
[13] (Table 19-2). 

Most affected patients present with advanced stage disease, defined 
as intra-abdominal stage II, III, or IV. Initial delay of chemotherapy 
does not decrease overall survival of patients with indolent NHL 
[14,15]. Rather, judicious use of chemotherapy may minimize poten
tial adverse effects while preserving marrow function. Multiple studies 
have demonstrated that it is feasible to observe patients without 
directed therapy if there is no indication for treatment. Specific indica
tions for treatment as defined by Groupe d'Etude Lymphomes 
Folliculaires (GELF) criteria for "high tumor burden" include a mass 
greater than 7 em, three nodal sites each greater than 3 em, systemic 
symptoms, splenomegaly, or end-organ compromise [16]. 

Many therapeutic options exist for patients with advanced stage 
disease. Criteria for selection among them remain controversial 
because curative treatment has not been established [17]. Standard 
chemotherapy programs for indolent lymphomas include single alk:y
lating agents such as fludarabine or chlorambucil, or combination 
regimens like CVP or CHOP (eg, CVP [cyclophosphamide, 
vincristine, prednisone], or CHOP [cyclophosphamide, doxorubicin, 
vincristine, prednisone]). Combination chemotherapy with CVP and 
CHOP results in good clinical responses to treatment. Fludarabine 
has been shown to be superior to other single agents with response 
rates of 65% in follicular lymphomas but may cause significant bone 
marrow suppression [18,19]. 

Immunotherapy using monoclonal antibodies has also proven to 
be effective. Rituximab is an unlabeled monoclonal antibody targeting 
the CD20 antigen found on B lymphocytes. In a phase III trial evalu
ating rituximab as a single agent in low-grade or follicular lymphoma, 
the overall response rate was 48% [20]. Rituximab is at present 
approved for use in relapsed low-grade NHL. Combinations of 
chemotherapy with monoclonal antibody (eg, CHOP and rituximab) 
offer preliminary evidence of efficacy [21]. The GELA study group 
recently reported improvement in response rates with the addition of 

Table 19-2. Treatment Strategy for Indolent 
Lymphomas 

Stages I and peripheral II: regional radiation therapy 
Stages II (intrailbdominal), Ill, IV 

Consider observation 
Participation in a clinical trial of immune strategies 
Palliative chemotherapy (chlorambucil, fludarabine, or CVP) 
CHOP alone or with rituximab 

rituximab to CHOP compared with CHOP alone (CR, 76% vs 60%; 
P value 0.004). Although follow-up is short, there is preliminary 
evidence of improved survival with CHOP/rituximab [22]. 
Radioimmunotherapy agents are composed of radionuclides conju
gated to monoclonal antibodies used to target radiation to tumor 
tissue. Radiolabeled monoclonal antibodies, such as 131I tositumomab 
and 9oy ibritumomab, are currently under investigation [23,24]. 

Autologous stem-cell transplantation (ASCT) has been evaluated 
in younger patients with follicular lymphoma in second or later 
remission [25,26]. Promising durable remissions have been reported 
after conventional allotransplantation of refractory indolent 
lymphoma [27]. Miniallogeneic bone marrow transplantation using 
nonmyeloablative doses of cytotoxic chemotherapy is under investi
gation, which appears promising with possibly less toxicity [28,29]. 

AGGRESSIVE LYMPHOMAS 
Diffuse Large B-cell Lymphoma, Peripheral T -cell Lymphoma, 
Anaplastic Large Cell Lymphoma, and Follicular Lymphoma (Grade 3) 
Aggressive NHLs are composed primarily of diffuse large B-cell 
lymphoma, but also include peripheral T -cell lymphomas, anaplastic 
large cell lymphomas, and follicular lymphoma (grade 3). Diffuse large 
B-celllymphoma according to the WHO criteria includes diffuse large, 
diffuse mixed, and immunoblastic lymphomas previously described in 
the Working Formulation. Primary mediastinal large B-celllymphoma 
is represented as a subcategory of diffuse large B-celllymphoma in the 
present schema. Peripheral T -cell lymphomas have poor overall survival 
compared with diffuse large B-celllymphomas, whereas anaplastic large 
cell lymphomas (T- or null-cell types) have overall survival similar to 
diffuse large B-cell lymphoma [ 1]. The t(2;5) translocation in T -cell 
anaplastic large cell lymphoma is an aberration of NPM-ALK. 

Aggressive lymphomas share common clinical characteristics of 
male preponderance, presentation in middle age, rapidly enlarging 
adenopathy, and advanced stage. Masses are often bulky, particularly 
in the mediastinum or abdomen. Large masses in these sites may 
cause superior vena cava syndrome, tracheal compression, or ureteral 
compression. Extranodal sites often cause symptoms, such as ulcer
ated gastrointestinal lesions or lytic bone lesions. Lymphomatous 
meningitis may be detected in the presence of bone marrow, testicu
lar or nasopharyngeal involvement. 

The International Prognostic Index (IPI) for Non-Hodgkin's 
Lymphoma [30] describes five prognostic variables that predict 
outcome based on pretreatment clinical characteristics. Adverse 
prognostic variables include age over 60 years, elevated serum lactate 
dehydrogenase, poor performance status, advanced stage, and two or 
more extranodal sites of disease. Patients are stratified to low, low
intermediate, high-intermediate, or high-risk categories based on the 
number of poor prognostic features. Patients with IPI 4 are poor risk, 
and have significantly shortened survival (Table 19-3). 

Table 19-3. International Prognostic Index for Diffuse Large B-cell Lymphomas 

Adverse Prognostic Features 
Age> 60 y 
Elevated serum LDH 
Karnofsky Performance Score 
Advanced stage (Ill or IV) 
Extranodal sites (> l) 

Risk Group 
Low 
Low-intermediate 
High-intermediate 
High 

Adverse Prognostic Factors 
0 or l 

2 
3 

4 or 5 

S-Year Survival,% 
73 
51 
43 
26 
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Aggressive diffuse lymphomas are potentially curable. A curative 
outcome is obtained in approximately half of patients after first-line 
therapy. CHOP remains the standard first-line chemotherapy regi
men. Several second-generation combination chemotherapy regi
mens have been evaluated; none has been proven superior to CHOP 
chemotherapy [31]. Patients with regional disease involvement (clin
ical stage I or II) may be treated with combination chemotherapy 
with or without regional irradiation. A randomized phase III study 
compared CHOP with CHOP plus involved field radiotherapy for 
early- stage disease with the finding of improved survival with 
combined modality therapy [32,33]. It is therefore feasible to give 
short-course chemotherapy followed by involved field radiotherapy 
for regional disease (Table 19-4). 

Autologous stem cell transplantation (ASCT) in patients with 
high-risk IPI scores has been studied as upfront treatment in multi
ple clinical trials. Slow responders to CHOP, defined as incomplete 
responders to four cycles, were randomly assigned to receive four 
additional cycles of CHOP versus high-dose therapy followed by 
ASCT. No difference was found in the two treatment programs, but 
patients were not stratified into prognostic categories according to 
the IPI [34]. The various clinical data from multiple different trials 
in the upfront setting are currently under investigation. 

ASCT has also been studied extensively for treatment of relapsed 
or refractory disease. Patients with chemosensitive disease in first or 
second relapse are candidates for AS CT. The PARMA trial evalu
ated patients with chemosensitive disease and demonstrated 
improved responses and overall survival for patients who received 
transplantation rather than additional chemotherapy [35,36]. The 
most significant predictor of a favorable outcome from ASCT is 
chemosensitivity at the time of transplantation. High-dose therapy 
has not proven to be useful for chemorefractory disease in first or 
subsequent relapse [37]. 

Cytoreductive regimens, such as DHAP [38] or ICE (ifosfamide, 
carboplatin, etoposide) [39], are given before the conditioning regimen 
and ASCT. Cytoreduction serves several purposes: to identifY patients 
with chemosensitive disease, to allow a transplant to be performed 
with minimal disease burden, and to decrease potential contamination 
of the stem cell product. In addition, cytoreductive regimens together 
with cytokines are used to mobilize stem cells for collection. 

Mantle Cell Lymphoma 
Mantle cell lymphoma is a separately recognized histology incorpo
rated into the REAL and WHO classifications, previously termed 
diffuse small cleaved cell lymphoma in the working formulation. 

Table 19-4. Treatment Strategy for Aggressive 
Diffuse Lymphomas 

Stages I and pertpheral stage II: short-course CHOP or other doxorubicin-contoining regimen 
with involved field radiation therapy 

Stages II, Ill, and IV 
CHOP or other doxorubicin-<ontaining regimen 

Central nervous system prophylaxis for patients with multiple extranodal sites, involvement 
of bone, bone marrow, testes, or paranasal region 

Tumor lysis precautions for bulky disease 
Localized Gl tract involvement may be complicated by bleeding or perforation but rarely 

requires surgical resection 
Consider autologous stem cell transplantation for primary refractory or relapsed disease 

Mantle cell lymphomas have aggressive disease features and often 
present in advanced stage with diffuse adenopathy, as well as bone 
marrow, peripheral blood, and splenic involvement. Extranodal 
disease sites are also common; diffuse GI tract involvement is 
referred to as lymphomatous polyposis. The typical cytogenetic aber
ration in mantle cell lymphoma is a reciprocal t(11;14) translocation 
causing dysregulation of BCL-1 oncogene and overexpression of 
cyclinDl. 

Mantle cell lymphomas have poor overall and failure-free survival 
rates [1]. No convincing evidence shows that conventional 
chemotherapy is curative, because there is no plateau in the overall 
survival curve. Investigational therapy with upfront transplantation 
appears promising, with durable remissions reported out to 4 years 
[ 40,41]. Single agent 2-CDA is a useful, well-tolerated palliative 
single drug [ 42]. 

Lymphoblastic Lymphoma 
Lymphoblastic lymphoma shares similar features with acute 
lymphoblastic leukemia (ALL). This disease often presents with 
large mediastinal masses, and with leukemic as well as CNS involve
ment. Most lymphoblastic lymphomas are of immature T -cell origin, 
although some may have pre-B cell phenotypes. Lymphoblastic 
lymphoma is treated in the same manner as ALL with induction, 
intensive consolidation, and maintenance regimens. 

DiHuse Small Noncleaved Cell Lymphomas (Burkitt's and Burkitt's-like) 
Diffuse small noncleaved cell lymphomas (Burkitt's and non
Burkitt's) are identified as high-grade lymphomas in the 
International Working Formulation [2]. Small noncleaved cell 
lymphomas are characterized by young age, male preponderance, 
rapidly enlarging bulky adenopathy, and frequent bone marrow and 
meningeal involvement. The t[8;14] translocation identified in 
Burkitt's lymphoma causes dysregulation of the c-myc oncogene. 

Small, noncleaved cell lymphomas have increased incidence 
within concurrent HIV infection. In this setting, sites of disease may 
be unusual, including the GI tract, brain, and soft tissue. Treatment 
of Burkitt's and Burkitt's-like lymphoma requires rapid initiation of 
high dose, short-course combination chemotherapy with central 
nervous system (CNS) prophylaxis [ 43,44]. When the patient is HIV 
positive, chemotherapy should be administered in conjunction with 
highly active antiretroviral therapy (HAART). Bulky disease may be 
associated with tumor lysis syndrome. Attention to hydration, alka
linization, prophylactic allopurinol, and monitoring of renal function, 
calcium, electrolytes, and phosphate balance during and after 
chemotherapy infusion are therefore necessary. With HIV infection, 
use of intensive chemotherapy may be significantly complicated by 
opportunistic infections. Use of HAART has decreased the inci
dence of opportunistic infections [ 45]. There have been anecdotal 
reports of HIV-infected patients who have achieved spontaneous 
regression ofNHL after being treated with HAART [ 46]. 

HTLV-1 Associated Adult T-cell Leukemia/Lymphoma (Subtype of 
Peripheral T-cell Lymphoma) 
HTL V -1-associated lymphomas are a subtype of mature peripheral 
T -cell neoplasm in the current WHO classification [ 4]. Many 
patients present clinically with the acute form, which is characterized 
by rapid onset, lytic bone lesions, subcutaneous nodules, hypercal
cemia, and leukemic phase. The histologic subtype is typically a 
diffuse large cell or immunoblastic lymphoma. Prognosis for patients 
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with aggressive presentations is poor, with only transient responses to 
intensive regimens. In southern Japan, where HTLV-1 incidence is 
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CVP 
(Cyclophosphamide, Vincristine, Prednisone) 

CVP is a well- tolerated palliative regimen. Monthly cycles are repeated to 
maximum response plus two cycles. Randomized studies have demonstrated no 
response or survival advantage with the use CVP over continuous daily alkylat
ing agent therapy. Responses are more rapid with CVP (within 3 mo), but not 
more durable. 

Toxicity is primarily hematologic with drug-induced neutropenia. Hemorrhagic 
cystitis may occur and hydration reduces its frequency. Vinca-associated neurologic 
toxicity is mild with a capped 2-mg dose. Corticosteroid toxicities are infrequent 
with monthly cycles. 

DOSAGE AND SCHEDULING 

Cyclophosphamide 
400 mg/m2 PO qd x 5 d 

Vincristine 1.4 mg/m2 IV, • 
d 1 (max 2 mg IV) 

Prednisone 
100 mg/m2 PO qd x 5 d 

Day 3 4 5 

Cycles are repeated every 28 d. 

EXPERIENCES AND RESPONSE RATES 

Study 

Hoppe RT, Blood 
1981' 58:592 

Anderson T, Cancer 
Treat liep 1977, 
61 :1057 

Evaluable 
Patients, n 

40 

49 

Complete 
Responses, % 

85 

67 

Median Survival, y 

7.5 

CANDIDATES FOR TREATMENT 
Patients with low-grade non-Hodgkin's lymphoma 

AlTERNATIVE THERAPIES 
Single-agent chlorambucil or cyclophosphamide; 
CHOP 

TOXICITIES 
Cyclophosphamide: myelosuppression with platelet 
sparing; nausea and vomiting, alopecia, darkening of 
skin and nails, mucositis (rare), hemorrhagic or ster
ile cystitis (5%-10% of patients, usually reversible, 
but can lead to fibrosis and bladder cancer), 
immunosuppression, SIADH; infertility; 
Vincristine: severe local inflammation possible if 
extravasated, alopecia, peripheral neuropathies, ileus; 
Prednisone: acne, thrush, thinning of the skin and 
striae; suppression of the adrenal-pituitary axis, 
hypokalemia, loss of muscle mass, increased 
appetite, myopathy, osteoporosis, cushingoid 
appearance, gastitis, peptic ulcer disease; euphoria, 
depression, psychosis, increased risk of infections 
and cataracts 

DRUG INTERACTIONS 
Cyclophosphamide: allopurinol, drugs that induce or 
block hepatic microsomal enzymes, sulfhydryl agents 
(eg, mesna); Vincristine: cisplatin, paclitaxel, and 
other drugs that affect peripheral nervous system 

NURSING INTERVENTIONS 
Give cyclophosphamide in the morning; administer 
vincristine as slow IV push to avoid extravasation; 
evaluate for neurologic deficit before each vincristine 
dose; maintain high fluid intake and encourage 
frequent voiding, stool softeners, and bulk diet 

PATIENT INFORMATION 
The most common side effects reported are 
leukopenia, hyperglycemia, weight gain, insomnia, 
alopecia, sensory neuropathy 

The information here is provided os guidan(e only. Presuibers should always (Onsult the manufatturer' s turrent presuibing information. 
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NON·HODGKIN'S LYMPHOMA 

CHOP 
(Cyclophosphamide, Hydroxydaunorubicin, Vincristine, Prednisone) 

CHOP is a potentially curative regimen for aggressive di.ffuse lymphomas. It may 
also be used in indolent lymphomas, particularly with evidence of histologic trans
formation. Responses are prompt (complete responses generally obtained in less 
than 4 months). CHOP chemotherapy is continued for two additional cycles 
beyond maximal response or for a minimum of 6 cycles. Complete remission is 
achieved in 60% to 75% of patients. 

Prospective comparisons with more intensive second- and third- generation 
regimens have shown no significant difference in the response rates or survival 
outcomes of patients with aggressive diffuse lymphomas. CHOP remains the stan
dard drug regimen in this setting. 

Toxicity is moderate and reasonably well tolerated even in older patients. 
Adverse effects are similar to those outlined for CVP regimen. Potential cardiac 
toxicity from doxorubicin should be monitored closely; doses greater than 450 
mg/ m2 should be avoided. 

DOSAGEANDSCHEDUUNG 

Cyclophosphamide • 750 mg/m2 IV, d 1 

Hydroxydaunorubicin (doxo- • rubidn) 50 mg/m2 IV, d I 

Vincristinel.4 mg/m2 IV, • d I (2·mg cap) 

Prednisone 1 00 mg PO qd x 5 d 

Day 2 3 4 6 7 
Cycles ore repeoted every 21 d. 

EXPERIENCES AND RESPONSE RATES 
Evaluable Complete 

Study Patients, n Responses, % Median Survival 

Armitage JD, J Gin 75 51 31 %at4-9y 
Onco/1984, 2:898 

Gums RA, J Gin Oncol 90 54 35%ot6y 
1985,3:1188 

Dixon DO, J Gin Oneal 412 53 30% at12 y 
1986,5:197 

CANDIDATES FOR TREATMENT 
Patients with indolent or aggressive diffuse 
non-Hodgkin's lymphoma 

SPECIAL PRECAUTIONS 
Patients with hepatic dysfunction; patients with 
impaired cardiac function (contraindicated) 

ALTERNATIVE THERAPIES 
ProMACE-CytaBOM, CEPP, C-MOPP, 
m-BACOD, MACOP-B 

TOXICITIES 
Prednisone: acne, thrush, thinning of the skin and 
striae, suppression of the adrenal-pituitary axis, 
hypokalemia, Joss of muscle rna s, increased 
appetite, myopathy, osteoporosis, cushingoid 
appearance, gastitis, peptic ulcer disease, euphoria, 
depres ion, psychosis, increased risk of infections 
and cataracts; Cyclophosphamide: myelosuppression 
with platelet sparing, nausea and vomiting, alopecia, 
darkening of skin and nails, muco itis (rare), hemor
rhagic or sterile cystitis, immunosuppression, 
SIADH, infertility; Vincristine: severe local inflam
mation po sible if extravasated, alopecia, peripheral 
neuropathies, ileus; Doxorubicin: myelosuppre ion 
(leukocytes and platelets), nau ea and vomiting; 
mucositis, alopecia, radiation recall, local tissue 
damage progressing to necrosis if extravasated, 
hyperpigmentation, phlebitis, irreversible congestive 
heart failure (dose-dependent), acute arrhythmias 

DRUG INTERACTIONS 
Cyclophosphamide: allopurinol, drugs that induce or 
block hepatic microsomal enzymes, sulfhydryl agents 
(eg, mesna); Vmcristine: cisplatin, taxol, and other 
drugs that affect peripheral nervous system; 
Doxorubicin: heparin, mediastinal radiation, 
interferon 

NURSING INTERVENTIONS 
Give cyclophosphamide in the morning; administer 
vincristine and hydroxydoxorubicin as slow IV push 
to avoid extravasation; evaluate for neurologic deficit 
before each vincristine dose; maintain high fluid 
intake and encourage frequent voiding, stool soften
ers, and bulk diet 

PATIENT INFORMATION 
The most common side effects reported are leukope

nia, alopecia, nausea, vomiting, hyperglycemia, 
sensory neuropathy, insomnia 

The information here is provided os guidance only. Prescribers should always consult the manufacturer's <urrent prescribing information. 
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NON-HODGKIN'S LYMPHOMA 

RITUXIMAB 

R.ituximab is an unlabeled chimeric monoclonal antibody targeting CD20 antigen on 
B lymphocytes. It is FDA- approved as single-agent therapy for the treatment of 
relapsed indolent non-Hodgkin's lymphomas. Studies are investigating the combina
tion of rituximab with chemotherapy, and to evaluate its use in untreated patients. 

DOSAGE AND SCHEDULING AS A SINGLE AGENT 
375 mg/m2 intravenous infusion over 3-4 h (titrated slowly as patient tolerates) on 
a weekly schedule for 4 weeks. 

EXPERIENCE AND RESPONSE RATES 
Study Evaluable Patients, n Overall Response Rate, % 

Mtloughlin el a/., 1 Oin Oncol 166 48% 
1988, 16:282)-2833. 

CANDIDATES FOR TREATMENT 
P atients with relapsed low-grade or follicular B-cell non-Hodgkin's lymphoma. 

SPECIAL PRECAUTIONS 
Patients with peripheral blood lymphocytosis as in CLL or mantle cell lymphoma 
may develop a cytokine release syndrome; patients with underlying cardiovascular or 
pulmonary disease are at risk for developing infusion- related syndrome. Do not 
administer live vaccines during treatment. 

ALTERNATIVE THERAPIES 
CHOP, CVP, fludarabine 

TOXICITIES 
Symptoms related to the infusion: fevers, chills, 
headache, rigors, asthenia, throat irritation, abdomi
nal pain. Neutropenia, leukopenia or thrombocy
topenia; risk of infections due to decreased serum 
immunoglobulins or to leukopenia. Hypersensitivity 
reactions related to the infusion including hypoten
sion, bronchospasm, or angioedema. Severe 
infusion-related reactions (usually with the first 
infusion) occur rarely and are characterized by 
hypoxia, pulmonary infiltrates, adult respiratory 
distress syndrome, ventricular fibrillation, or 
cardiogenic shock 

DRUG INTERACTIONS 
No specific drug-drug interactions. Contraindicated 

in patients with known type I hypersensitivity or 
anaphylactic reactions to murine proteins or to a 
component of rituximab 

NURSING INTERVENTIONS 
Careful monitoring is required during the fll'st 
infusion with frequent blood pressure and heart rate 
monitoring within the first 2 hours of infusion. 
Supportive care measures include intravenous saline 
infusion and premedications with acetominophen, 
diphenhydramine and as needed to minimize 
infusion-related adverse effects. Keep meperidine on 
hand for infusion-related rigors. R.ituximab infusion 
should be interrupted if significant side effects occur 
and resumed at a reduced rate only if side effects 
have resolved. Medications for treatment of hyper
sensitivity reactions such as epinephrine, antihista
mines, and corticosteroids should be kept on hand in 
the event of a reaction 

PATIENT INFORMATION 
Most side effects are related to the infusion, such 
as fevers, chills and rigors. Patients do not 
experience alopecia 

The information here is provided as guidance only. Prescribers 5hould always consult the manufacturer's current prescribing information. 
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NON-HODGKIN'S LYMPHOMA 

DHAP 

DHAP is a second-line, salvage regimen for patients with intermediate grade or 
immunoblastic non-Hodgkin's lymphoma who have not attained a complete 
remission from up-front therapy or who have relapsed. Because only 45%-50% of 
patients are cured with their initial chemotherapy treatment program, many 
patients need to receive salvage chemotherapy. Depending on the patient's age, 
comorbidity, and performance status, the goals of second-line therapy vary. 
Transplant-eligible patients require only cytoreduction, whereas in transplant-inel
igible patients a complete remission is desired. 

DHAP is a treatment program that has the best reported efficacy in this setting. 
In the original report, 90 patients with progressive recurrent lymphoma were 
treated: 28 patients achieved a complete remission and 22 a partial remission for an 
overall response rate 56%. 

Vigorous hydration with mannitol- induced diuresis was given in all patients. 
The acute tumor lysis syndrome was observed in 5 patients, emphasizing the need 
for frequent monitoring of electrolytes. Toxicity was severe with neutropenia, 
thrombocytopenia, renal, cerebellar, and gastroinstestinal dysfunction common. 

DOSAGE AND SCHEDULING 
Cisplatin: 100 mg/m2 IV continuous infusion (CI) x 24 h, day 1 or SO mg/m2 as 1 
h-infusion daily x 2 
Ara-C: 2 g/m2 x 2 IV: each infusion over 3 h q12 x 2 day 2 
Dexamethazone: 40 mg IV or PO daily days 1-4 

Patients are hospitalized to undergo treatment. Hydration with normal saline at 
150-250 mUh is administered for a 36-h period and after the first 6 hours of 
hydration cisplatin can be administered. Therapy is repeated every 3- 4 weeks for a 
maximum of 4 cycles after maximal tumor response. Patients aged older than 70 
years received ara-C are treated with a dose of 1 g/m2. 

TOXICITIES. 
Profound myelosuppression with marked neutropenia and thrombocytopenia, 
especially in patients with lymphomatous involvement of the bone marrow or 
previous pelvic irradiation. Documented infections were seen in 30% of patients 
with a mortality of 33% in these patients. Tumor lysis syndrome occurred in 5% of 
patients. Renal insufficiency is seen in 20% and can be irreversible. Acute cerebellar 
dysfunction and tinnitus has been reported. 

Neutropenia can be shortened by growth factor support (G-CSF or GM-CSF). 

CANDIDATES FOR TREATMENT 
Patients with refractory or relapsed intermediate 
grade or immunoblastic non-Hodgkin's lymphoma 

SPECIAL PRECAUTIONS 
Patients who are elderly; patients with renal or neuro
logical dysfunction; patients with compromised bone 
marrow reserve 

ALTERNATIVE THERAPIES 
Ifosamide and etoposide alone or with cisplatin or 
carboplatin C-MOPP 

DRUG INTERACTIONS 
Aminoglycoside antibiotics should be avoided; any 
drugs that have renal or ototoxicity must be used 
with caution 

NURSING INTERVENTIONS 
Monitor renal function and obtain BUN, creatinine 
and 12-h urine collection for creatinine clearance; 
provide proper antiemetics, hydrate well; obse.rve for 
signs of infection; neutropenia is expected; severe 
thrombocytopenia occurs, and signs for bleeding 
should be monitored 

PATIENT INFORMATION 
The most common side effect include fever when the 

blood counts are low, nausea, vomiting, and alopecia 

The information here is provided os guidance only. Prescribers should olwoys consult the manufacturer' s current prescribing information. 
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NON-HODGKIN'S LYMPHOMA 

ICE (IFOSFAMIDE, CARBOPLATIN, ETOPOSIDE) 

This salvage combination chemotherapy regimen for aggressive large cell non
Hodgkin's lymphomas is often used for cytoreduction and for stem-cell mobiliza
tion in transplant-eligible patients with relapsed or refractory non-Hodgkin's 
lymphoma. This regimen causes less renal toxicity than DHAP, and is fairly well 
tolerated except for significant myelosuppression. 

DOSING AND SCHEDULING: ICE REGIMEN* 
Agent Day of Cycle 

1 2 3 4 s 6 7 8 9 10 11 12 13 14 

Etoposide X X X 

Ifosfamide X 

(orboplatin X 

Mesno X 

filgoslrim X X X X X X 

Ifosfamide, 5 g/m21V on day 2; corbop/alin (AUC 5}, /Von day 2; etoposide, 100 mg/m2 on doys I, 2, and 3. Mesna 5 glm21VC/ 
over 24 h on day 2 with ifosfamide. Filgastrim is given milicycle. 

EXPERIENCES AND RESPONSE RATES 
Study Evaluable Patients, n 

Moskowitz el a/., J Gin Oneal 163 
1999, 17:3776-3785. 

CANDIDATES FOR TREATMENT 

Overall Response, % 

66.3% 

Relapsed or refractory aggressive diffuse lymphomas as salvage therapy or as 
cytoreduction prior to autologous stem cell transplantation. 

SPECIAL PRECAUTIONS 
Patients who are older or with marginal performance status; patients with renal or 
neurologic dysfunction; and patients with poor bone marrow reserve. Ifosfamide 
should be given with MESNA at similar dosages to prevent hemorrhagic cystitis. 

ALTERNATIVE THERAPIES 
DHAP, ESHAP, ifo famide and etoposide without 
carboplatin, C-MOPP, or CEPP 

TOXICITIES 
Ifosfamide: myelosuppression, nausea and vomiting, 
alopecia, hemorrhagic cystiti , C S toxicity, infer
tility, renal impairment; Carboplatin: myelosuppres
ion, nausea and vomiting, renal dysfunction, liver 

function abnormalities, electrolyte disturbances, 
peripheral neuropathy; Etoposide: myelosuppres
sion, nausea, vomiting, alopecia, mucositi 

DRUG INTERACTIONS 
Ifosfamide: coumadin; Carboplatin: aminoglyco ide 
antibiotic , phenytoin; Etoposide: ara-C, 
methotrexate, cisplatin, calcium channel blockers, 
coumadin, cyclosporine, tamox.ifen 

NURSING INTERVENTIONS 
Supportive care during infusion includes adequate 
intravenous hydration, and pretreatment antiemet
ics. Renal function, electrolytes, blood count , and 
signs of bleeding should all be monitored 

PATIENT INFORMATION 
Common side effects include fevers when blood 
counts are low; alopecia, nausea and vomiting. Low 
platelet counts as a con equence of treatment will 
increase the risk of bleeding, which may require 
platelet transfusions depending on severity 

The information here is provided as guidan(e only. Presuibers should always (Onsult the manufadurer' s (Urrent presuibing information. 
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NON-HODGKIN'S LYMPHOMA 

VANDERBILT REGIMEN 
(Cyclophosphamide, Etoposide, Vincristine, Bleomycin, Methotrexate, Leucovorin, Prednisone) 

Small noncleaved celllymphomas-Burkitt's and non-Burkitt's types-are rare 
high-grade lymphomas. When associated with HIV infection, this phenotype is 
one of the most common histologies. HIV -negative small, noncleaved cell 
lymphoma is a highly curable disease with high-dose, short-course therapy [24]. 
C S prophyl~s is essential. As with lymphoblastic lymphoma, tumor lysis is a 
serious complication of effective initial therapy and must be anticipated with initia
tion of hydration, alkalinization, and allopurinol, and frequent monitoring of elec
trolytes, renal function, and calcium and phosphate balance. 

Severe myelosuppression is to be expected with this drug protocol. Even with 
growth factor support, nadir fever should be anticipated as well as the need for 
platelet support. Mucositis may occur in up to half of all patients. Nevertheless, 
maintaining treatment schedule is important whenever possible to combat this 
rapidly growing neoplasm. 

DOSAGE AND SCHEDULING 
Cycle 1 Cyde 2 

Day Day Day Day Day Day Day Day Day Day Day 
43 

Day 
so Agent 1 2 3 8 15 22 29 30 31 36 

ax X X X 

EJOP X X X X X X 

ADR X X 

VCR X X X X 

BlfO X X X X 

MTX X X 

LV X X X 

PREO x. X X X X X X 

REGIMEN 
In cycle I, ax- cydophosamiJe 1500 mg/m2; fTOP- etoposide 400 mg/m2; VCR- vincristine 1.4 mg/m2 (2 mg mox), 
BLEO- bleomydn 10 U/m2; MTX -methotrexate 200 mg/m2; LV-kucovorin 15 mg/m2 (q 6 h x 6); PRED- predniscne 60 
mg/m2. In cycle 2, etoposide dOSf is rediJCed to 100 mg/m2 ond ADR (doxorubkin) is added at 45 mg/m2. Allopurinol is 
routinely given. Patients with meningeal involvement at diagnosis receive methotrnote 12 mg/m2 fT weekly x S ond whole-brain 
radiation 2000 cGy in I 0 froctions. Prophy/octk introthecol therapy is recommended. 

DOSAGE MODIFICATIONS: Cycle 2 con be delayed if ANC < 1000. Reduce bleomydn, if reno/failure develops; withhold 
methotrexate if creatinine cleoronce ~ 60 ml/min. 

EXPERIENCE AND RESPONSE RATES 

Study 

Mdoloster et ol., 1 Oin Oncol 
1991; 9:941- 946 

Evaluable 
Patients, n 

20 

Complete 
Responses, % 

85 

Disease-free 
Survival 

65% at 29 mo 

CANDIDATES FOR TREATMENT 
Patients with high-grade non-Hodgkin's lymphoma 

SPECIAL PRECAUTIONS 
Patients with renal dysfunction 

ALTERNATIVE THERAPIES 
Stanford regimen using combined modality 

TOXICITIES 
Cyclophosphamide, prednisone, vincristine: see 
CVP protocol for list of toxicities; Bleomycin: 
alopecia, stomatitis, nail bed thickening, hyperpig
mentation and skin desquamation (common), acute 
anaphylaxis with ARDS, dose-related pneumonitis 
progressing to pulmonary fibrosis (max cumulative 
dose of200 U/m2); frequendy severe fever; 
Methotrexate: myelosuppression, nausea and 
vomiting, severe mucositis with ulceration and 
bloody diarrhea, irreversible cirrhosis (rare), 
pneumonitis, alopc;cia, renal tubular necrosis, 
Etoposide: myelosuppression (leukopenia and 
thrombocytopenia), nausea and vomiting, alopecia, 
mucositis 

DRUG INTERACTIONS 
Cyclophosphamide, prednisone, vincristine: see 
CVP protocol for list of interactions; Bleomycin: 
radiation therapy, nephrotoxic drugs; Etoposide: 
ara-C, methotrexate, cisplatin, calcium antagonists, 
coumadin; Methotrexate: aspirin, SAIDs, alcohol, 
5-FU, L-asparaginase 

NURSING INTERVENTIONS 
See CVP protocol for list of interventions; test dose 
of bleomycin (1 U IM) prior to first dose; use glass 
containers for infusion of bleomycin; administer 
etoposide over 1 h to avoid hypotension and extrava
sation; mix intrathecal methotrexate with buffered 
nonbacteriostatic solution; monitor methotrexate 
levels if renal dysfunction develops and maintain 
leucovorin every 6 h until methotrexate levels are 
non therapeutic 

PATIENT INFORMATION 
These most common side effects reported are pancy

topenia, infections, alopecia, bleeding, mucositis, 
peripheral neuropathy 

The information here is provided as guidance only. Prescribers should always consult the manufacturer' s current prescribing information. 
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NON-HODGKIN'S LYMPHOMA 

CODOX-M AND IVAC 
(Cyclophosphamide, Doxorubicin, Vincristine, Methotrexate, Cytarabine, Ifosfamide, Etoposide) 

Diffuse small noncleaved cell lymphomas, both Burkitt's and non- Burkitt's, are 
considered high-grade lymphomas. These subtypes are commonly detected in the 
setting ofHIV infection. Small noncleaved cell lymphomas not related to HIV 
infection are curable with high-dose, short-course chemotherapy. CNS prophylaxis 
is an essential component of the treatment regimens. Because tumor lysis 
syndrome may occur after the initiation of therapy, it is important to include intra
venous hydration, alkalinization of the urine, and administration of allopurinol. 
Frequent monitoring of electrolytes, renal function, serum calcium, and phosphate 
is also necessary. Although adverse effects such as myelosuppression and 
neutropenic fevers are common, the treatment schedule should be maintained 
because these are rapidly growing tumors. 

Patients with favorable small noncleaved cell lymphoma defined as nonbulky stage 
I or ll disease may be treated with three cycles ofCODOX-M regimen [37]. Patients 
with unfavorable small noncleaved cell lymphoma may be treated with CODOX-M 
alternating with IV AC regimen for a total of four treatment cycles. The Vanderbilt 
Regimen is also an effective regimen for small noncleaved cell lymphomas. 

DOSAGE AND SCHEDULING: CODOX-M REGIMEN 
Agent Day of Cyde 

I 2 3 4 S 6 1 8 9 10 II 12 13 14 IS 16 17 18 

ax xxxxx 
DOXO X 

VCR 

MTX 

LIUCO 

X 

IT CYTAR X X 

IT MTX 

X (X) 

X 

X X X X 

X 

Cyclophosphamide (ax} BOO mg/m2 /Von riay I, then 200 mg/m2 IV on riays 2 to 5; doxorobkin (DOXOJ 40 mg/m2 IV on day I; 
vincrisfine (V(I/} 1.5 mg/m2 IV on days I and 8 of cyde one, and on days I, 8, and 15 on cyde 3. High-OO!e methotrexate (MTXJ is 
aJministered as a 24-hour infusion starting on riay 10: 1200 mg/m2 IV over I hour, then 240 mglm2;h X 23 h. IV eoch hour for 
23 hours. Leucovorin (LEUCO} begins about 36 hours after starting high· dose methotrexate and continues until serum methotrexate 
level decreases to nontoxic levels. Intrathecal cytarobine (fT CYTAR} on riays I and 3; intrathecal methotrexate (ff MTX} on day 15. 

DOSAGE AND SCHEDULING: IVAC REGIMEN* 
Agent Day of Cycle 

I 2 3 4 s 6 1 8 9 10 11 12 13 14 IS 16 17 18 

Cytarabine X X 

Ifosfamide X X X X X 

Etoposide X X X X X 

Mesno X X X X X 

ITMTX X 

'High-Jose cytarabine 2 glm21V every 12 hours on days I and 2 (toto/, lour doses}. Ifosfamide 1500 mg/m2 IV on days I 
through 5 with Mesna. Etoposide 60 mg/m2/Von days I through 5./ntratheca/ methotrexate (fT MTX} on day 5. 

(Continued on next page) 

DRUG INTERACTIONS 
Cyclophosphamide: allopurinol, drugs that induce or 
inhibit hepatic microsomal enzymes, sulfhydryl agents 
(ie, mesna); Doxorubicin: heparin, mediastinal irradi
ation, interferon; Vincristine: cisplatin, paclitaxel, 
other drugs that affect the peripheral nervous system. 
Cytarabine: possibly flucytosine; Ifosfamide: 
coumadin; Etoposide: ara-C, methotrexate, cisplatin, 
calcium channel antagonists, coumadin, cyclosporine, 
ramox:ifen. Methotrexate: aspirin, NSAIDs, alcohol, 
fluorouracil, L-aspaciginase; penicillin. 

NURSING INTERVENTIONS 
Mix intrathecal methotrexate with buffered non bac

teriostatic solution; monitor methotrexate levels if 
renal dysfunction develops; administer leucovorin 
every 6 hours until methotrexate levels are non thera
peutic. 

PATIENT INFORMATION 
The most common side effects ace pancytopenia, 

predisposition to infections, alopecia, bleeding, 
mucositis, and peripheral neuropathy. 

The information here is provided os guidance only. Prescribers should always consult the manufacturer' s current prescribing information. 
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NON-HODGKIN'S LYMPHOMA 

CODOX·M AND IVAC (Continued) 
(Cyclophosphamide, Doxorubicin, Vincristine, Methotrexate, Cytarabine, Ifosfamide, Etoposide) 

RECENT EXPERIENCES AND RESPONSE RATES 
Study Patients, n 

Mogroth e/ ol., 1 Clin Oncol 72 (39 adults) 
1996, 14:925-934 

CANDIDATES FOR TREATMENT 

Event-free Survival at 2 y, % 

56% (CODOX-M) 
92% (IVAC) 

Patients with diffuse small noncleaved cell non-Hodgkin's lymphoma 

SPECIAL PRECAUTIONS 
Patients with renal dysfunction 

ALTERNATIVE THERAPIES 
Vanderbilt regimen 

TOXICITIES 
Cyclophosphamide: myelosuppression, nausea and vomiting, alopecia, mucositis 
(rare), hemorrhagic or sterile cystitis, SIADH (syndrome of inappropriate 
antidiuretic hormone), infertility; Doxorubicin: myelosuppression, nausea and 
vomiting, mucositis, alopecia, radiation recall, local tissue damage if extravasated; 
phlebitis, congestive heart fa.ilure, arrhythmias; Vincristine: local inflammation if 
extravasated, alopecia, peripheral neuropathy, ileus; Methotrexate: myelosuppres
sion, nausea and vomiting, severe mucositis with ulceration and bloody diarrhea, 
cirrhosis (rare), pneumonitis, alopecia, renal tubular necrosis; Cytarabine: nausea, 
vomiting, neuropathy, neurotoxicity, rash myelosuppression; ocular toxicity; 
Ifosfamide: myelosuppression, nausea and vomiting, alopecia, hemorrhagic cystitis, 
C S toxici.ty, infertility, renal impairment; Etoposide: myelosuppression, nausea, 
vomiting, alopecia, mucositis 

The information here is provided as guidan<e only. Prescribers should always <onsult the manufacturer's <urrent prescribing information. 
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