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The non-Hodgkin's lymphomas are a heterogeneous
collection of lymphoproliferative malignancies whose
clinical behaviour, prognosis, and management vary
widely according to histological subtype, stage, and
bulk of disease. They are the seventh most commonly
diagnosed malignancy. Typically patients present with
localised or generalised lymphadenopathy. Common
presenting findings are haematological cytopenias,
drenching night sweats, unexplained fevers, or weight
loss greater than 10% of baseline (B symptoms);
hepatosplenomegaly, abdominal masses, or compres-
sion of internal organs such as the gastrointestinal
tract, blood vessels, airways, spinal cord, ureters, or
bile ducts; or localised tumours of parenchymal or
visceral organs. Nevertheless, lymphoma may mimic
virtually any other neoplasm.

Until about 25 years ago, most patients with non-
Hodgkin's lymphomas died of their disease. Although
radiotherapy, single drug chemotherapy, and cortico-
steroid treatments were useful in palliating these
patients, they were rarely curative. The advent of
effective combination chemotherapy regimens, initially
developed for Hodgkin's disease and subsequently
applied to non-Hodgkin's lymphomas, resulted in the
cure of advanced tumours in a few patients with
lymphoma.' Similarly, improvements in histological
subclassification, diagnostic radiology, radiation
therapy, and general supportive care, especially in
treating infectious complications of lymphomas, have
all contributed to a better understanding of the nature
of lymphomas and clearer planning of management of
these disorders. More recently, developments in
molecular biology of oncogenesis have begun to reveal
the aetiological events in their development.2

Histological classification
Optimal management of non-Hodgkin's lymphomas

must be based on a clear understanding of the cell
pathology, the staging, and clinical course of the
various subtypes. A more detailed understanding
of the prognostic factors influencing the course of
lymphomas is also helpful in planning treatment.
Several different histological classifications are used
throughout the world, resulting in confusion and
difficulty in comparing data from different centres.
The working formulation for classifying lymphomas
provides a comprehensive system which focuses on
reproducing characteristics identifiable by light micro-
scopy. It combines the most reproducible histological
features in several classification schemes into a system
allocating the lymphomas to 10 different subtypes, and
it also provides a cross reference to other systems.3 In
the working formulation lymphomas are assigned to
three categories-low, intermediate, and high grade-
based on the natural course of these diseases, as
modified by the best treatment available in the '60s
and '70s.
The working formulation does not take into account

the more detailed information now available on
immunological phenotyping, which is based on specific
cell membrane and cytoplasmic antigen testing and
various DNA probe information. Such techniques are

providing increasing insight into the molecular
biological origin of lymphomas and have shown that
the follicular (nodular) lymphomas are almost exclu-
sively ofB cell origin and that lymphoblastic lymphoma
and mycosis fungoides typically arise from T cells.
Diffuse lymphomas may arise from B or T cells or may
be of indeterminate origin. We have used the working
formulation terminology throughout this review (table
I).
Developments inimmunology, monoclonal antibody

probes, cytogenetics, and characterisation ofoncogenes
and growth factors will continue to expand our under-
standing of lymphomas. And these added insights into
lymphoma classification may eventually translate into
improved treatments. Nevertheless, despite the
increasing sophistication of the molecular biologists
and pathologists most clinical decisions are based on
light microscopy. An experienced haematopathologist
can regularly and reproducibly distinguish between
follicular (nodular) and diffuse lymph node disease and
between small and large lymphocytes. It is usually
relatively straightforward to distinguish the uncommon
special lymphomas: small non-cleaved cell (Burkitt's
and non-Burkitt's) and T cell lymphoblastic lym-
phomas. In addition, haematopathologists can
discriminate between the true lymphomas and
lymphoma-like conditions such as sarcoidosis, syphilis,
pseudolymphomas, and lymphadenopathy related to
HIV, as well as rare conditions such as lymphomatoid
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Box 1- Staging procedures for malignant
lymphomas

Mandatory procedures
History and physical examination
Biopsy of diagnostic tissue
Laboratory profile:
Complete blood count, liver and renal function
tests, serum calcium concentration, serum protein
electrophoresis

Chest radiographs
Computed tomography of abdomen and pelvis
Bone marrow aspiration and biopsy
Upper gastrointestinal series, small bowel follow

through for all ear, nose, and throat lymphomas (in
20% of such lymphomas there is gastrointestinal
disease)

Ear, nose, and throat examination (to visualise
Waldeyer's ring, nasopharynx) in all gastrointestinal
lymphomas

Optional procedures
Lymphangiography (only if result will alter treatment)
Cytology of cerebrospinal fluid in high risk patients:

Small non-cleaved and lymphoblastic tumours
Large cell tumour with marrow or sinus disease
Patients with neurological abnormalities

Cytology of pleural or peritoneal effusions
Computed tomography or radiography ofsymptomatic

sites
Bone scanning (if pain present)
Laparotomy recommended for:

Diagnosis of abdominal mass
Resection of gastrointestinal lymphoma
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granulomatosis, angioimmunoblastic lymphadeno-
pathy, Wegener's granulomatosis, and lethal midline
granuloma.
The prognostic and therapeutic implications ofmore

recently defined entities such as intermediate cell
lymphoma and its follicular variant, mantle zone

lymphoma,4 and peripheral T cell lymphoma (the
commonest non-cutaneous T cell lymphoma)5 are

unclear at present and await more complete description
and analysis. With current treatment techniques
pathologists need only separate the lymphomas into
three main therapeutic groups-low grade, aggressive
(comprising the large cell lymphomas and immuno-
blastic lymphoma), and a special category (Burkitt's
and non-Burkitt's small non-cleaved cell lymphoma
and T cell lymphoblastic lymphoma) to allow the
clinician to plan treatment (table I). For planning
treatment, immunoblastic lymphoma is best included
in the same category as diffuse large cell lymphoma
despite its assignment to the high grade group in the
working formulation. The incidence, median age at
diagnosis, distribution of stages, and natural course

after treatment of different lymphomas are also
summarised in table I.3

Staging
Staging has an important role in assigning prognosis

and planning treatment in any patient with malignant

lymphoma. Although the extent and duration of
staging investigations may have to be modified in
urgent situations or in frail patients, all other patients
should undergo the mandatory procedures and any
clinically indicated optional procedures listed in box 1.
The most commonly used staging system is that of the
Ann Arbor Conference (box 2).6 This system was
originally devised for Hodgkin's disease, a slowly
progressive disease that tends to advance in an orderly
fashion to contiguous, usually nodal structures.
Malignant lymphomas, on the other hand, usually
occur in elderly people, often progress early to distant
nodal or extranodal sites, and may evolve rapidly.
Therefore, the Ann Arbor staging system is not as
useful a predictor of treatment outcome in malignant
lymphoma as in Hodgkin's disease. As a consequence,
a simple staging system based on anatomic extent of
disease, tumour bulk, and constitutional symptoms is
adequate for initial clinical decision making. This
system is based on the Ann Arbor staging system plus
information about the patient's age and bulk of disease
(box 3) and applies to a wide range of presentations of
lymphoma.
Once a pathologist has reviewed a biopsy specimen

from a lymph node or extranodal site affected by
lymphoma and clinical staging has been completed as
described above, patients can be classified for treatment
according to histology, extent of disease, and age.
Table II gives guidelines for an overall approach to
management.

Low grade lymphomas
About 40% of lymphomas encountered in North

America and western Europe are low grade. Box 4
shows their characteristics. These lymphomas typically
present insidiously, often with progressive lympha-
denopathy, which may wax and wane or with cyto-
penias, hepatosplenomegaly, or compression of
ureters, veins, or bile ducts. Patients usually do not
have typical B symptoms. Careful staging is worth
while to identify the minority of patients who have

Box 3-Simplified staging system for
clinical decision making

Limited stage
Ann Arbor stage I or II

and
Absence of B symptoms

and
Largest tumour diameter
<10cm

Advanced stage
Ann Arbor stage III or IV

or

Presence of B symptoms
or

Mass > 10 cm

TABLE I -Correlation of the workingformulation for classifying malignant lymphoma with treatment oriented approach. Clinical characteristics
are derivedfrom working formulation

Treatment- Relative Median age Stage at diagnosis (%) % With Median
oriented frequency at diagnosis Male: femalebone marrow survival 6 % Surviving

Working formulation' approach (%) (years) I/II III/IV ratio disease years 5 years

Low grade Low grade
A-Small,lymphocytic 4 60 11 89 1 2 71 5-8 59
B-Follicular, small 23 54 18 82 1-3 51 7-2 70
cleaved
C-Follicular,mixed 8 56 27 73 08 30 5 1 50
large and small cleaved

Intermediate grade Aggressive
D-Follicular, large 4 55 27 73 1 8 34 3-0 45
E-Diffuse, small 7 58 28 72 1 32 3-4 33
cleaved
F-Diffuse, mixed 7 58 45 55 1-1 14 2-7 38
large and small cleaved
G-Diffuse, large 20 57 46 54 1 10 2-7 38

High grade
H-Immunoblastic 8 51 52 48 1-5 12 1 3 32

Special
I-Lymphoblastic 4 17 27 73 2 50 2-0 26
J-Small, non cleaved 5 30 34 66 2-6 14 0 7 23
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Box 2-Ann Arbor staging classification
for Hodgkin's disease

Stage I
Single lymph node region affected or single extra-
lymphatic organ or site
StageII
Two or more lymph node regions affected on the same
side of the diaphragm with or without localised disease
in extralymphatic site (IIIE)
Stage III
Lymph node regions affected on both sides of the
diaphragm with or without localised disease of an
extralymphatic organ or site (IIIE) or spleen (IIIS), or
both (IIISE)
Stage IV
Diffuse or disseminated disease in one or more extra-
lymphatic organs, with or without associated lymph
node disease
Subtype A-Asymptomatic
Subtype B -Patient has constitutional symptoms:

Fever, night sweats, or weight loss > 10% of
baseline
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TABLE II-Guidelines for treatment ofmalignant lymphoma

Age
Category Histology Stage (years) Treatment

Low grade Small, lymphocytic
Follicular, small Limited All Radiation of affected site

cleaved
Follcular, mixed Advanced All Observation if asymptomatic and without

threatening disease
Single drug chemotherapy if gradual response

sufficient
Multi-drug chemotherapy if rapid response

necessary
Local irradiation for focally troublesome disease
Enrolment on aggressive experimental protocols

Aggressive Diffuse, small All Brief chemotherapy and irradiation of affected
cleaved Limited site

Diffuse, mixed

Follicular, large <70 Frequency of dose intensive chemotherapy

Ifmunoblastic Advanced ¢70 Chemotherapy modified to maximum tolerabletoxicity
Special Lymphoblastic All <60 High dose intensive chemotherapy with central

Small non-cleaved
All nervous system chemoprophylaxisS -60 Palliative chemotherapy and irradiation

limited stage disease in whom radiation of the affected
site may be curative. Up to 50% ofpatients with limited
stage disease (I or IIA, low bulk) will achieve long term
freedom from disease, although whether they have
been cured or will have late relapses remains to
be established.7 In most patients with low grade
lymphoma who have advanced stage disease, manage-
ment is determined by the severity of symptoms
and the degree to which organs are compromised.
Traditionally, asymptomatic patients with normal
blood counts, no actual or imminent organ com-
promise, and no cosmetically unacceptable masses may
be observed safely until symptomatic or threatening
disease develops. Local problems can often be dealt
with by irradiation. Systemic problems merit chemo-
therapy, the choice of which depends on the urgency
with which a response must be achieved.

NON-URGENT RESPONSE

If it is not necessary to obtain a rapid response, oral
chlorambucil or cyclophosphamide with or without
prednisone is the best treatment. The main side effect
with this approach is cumulative marrow suppression,
especially if treatment is given daily, but treatment is
usually well tolerated. Prednisone can be a useful
treatment initially, but prolonged use is best avoided
because of its side effects, which can be cumulative and
troublesome, particularly in elderly patients.
When oral chemotherapy is used the white blood

cell count must be monitored regularly. If it remains in
the normal range the dose of the drug should be
increased to ensure that a sufficient amount is being
absorbed. Oral therapy should not be deemed ineffec-
tive until the dose delivered is capable of causing mild
myelosuppression.

Prednisone should be used alone for treating patients
with severe anaemia, myelosuppression, or thrombo-
cytopenia due to a packed marrow or immune destruc-
tion. A reasonable dose is 40 mg/m2 daily. An alkylating
drug such as chlorambucil or cyclophosphamide can be
cautiously introduced after an initial response and
prednisone gradually reduced.

Cytopenias related to immune destruction may be
encountered in diffuse small lymphocytic lymphoma
(which has a clinical course similar to that of chronic
lymphatic leukaemia), or occasionally other diffuse
lymphomas, but are rarely seen in the follicular
lymphomas.

URGENT RESPONSE

If a rapid response is needed in an advanced low
grade lymphoma then combination chemotherapy is
indicated. Since these lymphomas are very responsive

to alkylating agents, combinations including cyclo-
phosphamide, vincristine, and prednisone with or
without additional drugs are popular and reasonable
(table II). Patients should be treated until a sustained
complete response or stabilisation is achieved.

Radiotherapy is a useful adjunct to the palliative
treatment of low grade lymphomas. The extent of
disease should dictate whether radiotherapy is of only
the affected site or ofan extended field. The decision to
use wide field radiotherapy must be balanced against
the potential for the associated myelosuppression to
compromise later delivery of systemic chemotherapy.

EXPERIMENTAL TREATMENT OF ADVANCED STAGE LOW
GRADE LYMPHOMA

Low grade lymphoma is a chronic disease which in
the past had a median survival of eight to 10 years but
inevitably proved fatal. It remains difficult to manage,
especially in younger patients. Several experimental
programmes are evaluating the benefit of aggressive
treatment after diagnosis in younger patients.8"' Some
centres offer newly diagnosed patients autologous or
allogeneic bone marrow transplantation immediately
after diagnosis. At the British Columbia Cancer Agency
newly diagnosed patients with advanced stage disease
are offered an experimental protocol comprising 12
weeks of intensive outpatient chemotherapy followed
by radiotherapy to all originally affected lymph nodes. 12
The National Cancer Institute treats such patients with
multidrug chemotherapy and radiotherapy." All of
these studies show an initial improvement in disease
free survival and freedom from further treatment for
low grade lymphoma, but longer follow up will be
needed to establish whether patients are cured of their
disease or whether disease free survival or overall
survival is improved by early aggressive intervention.
Until these experimental programmes have longer
term results the conventional management of low
grade lymphomas described earlier in this paper
remains the standard.

Limited stage large cell lymphoma
As defined previously, limited stage disease includes

Ann Arbor stage I or II disease, a tumour mass <10 cm,
and the absence of B symptoms. Historically, these
patients were treated with only radiotherapy; however,
the reported cure rate with such local treatment
varied between 25% and 75% but averaged less than
50%. 13-"5

Since combination chemotherapy cures advanced
disease it seemed reasonable to use the initial manage-

Box 4- Clinical characteristics of
lymphomas

Low grade
Patients' median age 55

to 60 years (rarely <40)
Indolent disease with
median survival E,7
years

Limited stage (10%)-
potentially curable

Advanced stage (90%)-
currently incurable

Do not usually invade
adjacent soft tissue

Do not usually invade
central nervous system,
testes

Bone marrow disease in
50% of cases

Aggressive histology
Patients' median age 55

years
Firm, fixed lymph nodes
Potentially curable
Invasion of adjacent

tissues
Often affects unusual

extranodal structures,
including central ner-
vous system, lung, soft
tissue, bone, testes, and
gastrointestinal tract

Early systemic metastases,
even when apparently
localised.
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ment of early stage disease.1'62( The advantage of this
approach is that the chemotherapy can be quite brief,
lessening the disruption of the patient's life and
minimising cumulative side effects. Most importantly,
the chemotherapy is given when it is most likely to be
effective, rather than late in the disease course when
the tumour has had time to evolve clones of drug
resistant cells.
The current recommendations for limited stage

disease are that patients receive combination chemo-
therapy with or without irradiation of the affected site.
During 1980-4 Connors et al treated 78 patients with
three cycles of chemotherapy with cyclophosphamide,
doxorubicin, vincristine, and prednisone (CHOP)
plus irradiation of affected sites.2' This well tolerated
regimen cured more than 80% of these patients. The
approach has been refined to six weeks of weekly
chemotherapy with doxorubicin, cyclophosphamide,
vincristine, bleomycin, and prednisone (ACOB), with
similar results.22 The excellent outcome with such brief
chemotherapy means that it is the optimal treatment
irrespective of age in patients with early stage disease.
It is uncertain whether radiotherapy adds to the overall
outcome, as no trials have yet been published.

Advanced stage, aggressive histology (large cell)
lymphomas
Lymphomas with aggressive histology (follicular

large, diffuse cleaved, non-cleaved, diffuse mixed, and
immunoblastic lymphomas) comprise about 40% of all
lymphomas (box 4). This group oflarge cell lymphomas
is highly responsive to combination chemotherapy and
a proportion of all patients may be cured with this
treatment. Early regimens developed for treating
Hodgkin's disease, such as mustine, vincristine,
procarbazine, and prednisone (MOPP), resulted in the
first reported cures of advanced stage diffuse large
cell lymphoma. 2324 Subsequently, the addition of
doxorubicin proved highly effective in obtaining
complete responses in these lymphomas. Studies of the
CHOP regimen have reported a 30% overall 10 year
survival in advanced stage disease.2"26 Other first
generation combinations have produced similar results.
Many different regimens have since been developed
which give more intensive treatment and additional
drugs. Toxicity is increased, particularly from
infection, but it remains unclear whether the efficacy of
treatment is improved. Several regimens have been
reported to improve survival in single institution
studies,2730 and randomised clinical trials to evaluate
the relative effectiveness of these different regimens
are ongoing or recently completed. The results of well
designed large randomised studies will be important in
determining management of aggressive histology
lymphomas in the 1990s. For the present, in view of
the persisting controversy over which is the best
treatment approach, we recommend that clinicians
select the regimen with which they feel most comfort-
able and in which they have the most confidence and
that it is used in maximally tolerated doses.

Prognostic factors in diffuse large cell lymphoma
Several studies of prognostic factors for outcome

have been published. In particular, data from Coiffier
et al,3 Shipp et al,32 Jagannath et al," and Hoskins et
al,'4 have pointed to a constellation of factors which
predict an adverse prognosis. In aggregate these factors
include age over 60, a poor performance status, a
lactate dehydrogenase concentration greater than three
times normal, tumour bulk >10 cm, the presence of B
symptoms, disease of two or more extranodal sites,
multiple nodal sites affected, and various other
less common factors such as a low serum albumin

concentration. Various formulas to predict which
patients will fail are now being developed and more
intensive treatments with either bone marrow trans-
plantation protocols or intensive chemotherapy with
cytokine support will probably be designed to treat
patients young enough to withstand more aggressive
treatment who have a predictably poor outcome with
current standard chemotherapy regimens. One of the
challenges facing lymphoma specialists in the next 10
years is to define the precise subgroups of patients in
whom such treatment is indicated and then to develop
modifications of current treatment programmes and
prove whether they result in a better outcome.
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Lesson ofthe Week

Potentiation of aluminium absorption by effervescent analgesic
tablets in a haemodialysis patient

J Main, M K Ward

It has recently been shown that in renal failure patients
taking aluminium containing preparations as phos-
phate binders, concurrent administration of citrate
enhances intestinal aluminium absorption.' This is an
important interaction because of the acute and chronic
effects of aluminium on brain and bone and the fairly
common practice of prescribing citrate to renal failure
patients either as a calcium salt or Shohl's solution.24
We report enhanced aluminium absorption due to
concurrent administration of effervescent analgesics.

Case history
A 45 year old woman on home haemodialysis was

on a regular treatment with aluminium hydroxide
capsules 950 mg thrice daily as a phosphate binding
agent. Monthly checks were made ofserum aluminium
concentrations, which never exceeded 2-5 limolIl. She
developed ophthalmic herpes zoster and was treated
with acyclovir tablets and a compound analgesic,
co-codamol (paracetamol 500 mg, codeine 8 mg), up to
six tablets daily. Ten days later routine blood testing
revealed a sudden 10-fold increase in serum aluminium
concentration to 18 5 imol/l (figure). Inquiry revealed
that the co-codamol had been dispensed in effervescent
form, each tablet containing 1 5 g sodium citrate. After
stopping this the aluminium concentrations fell to
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Change in serum aluminium concentration with time. Arrow indicates
date ofstarting effervescent analgesic treatment

acceptable levels over the next three weeks. The
patient developed no symptoms or signs of acute
aluminium toxicity.

Discussion
Increased serum aluminium concentrations and

acute aluminium toxicity produced by the concurrent
administration of aluminium salts and citrate contain-
ing compounds in patients with renal failure have
recently been described.2-4 In these cases the citrate was
given either to combat metabolic acidosis or as calcium
citrate to treat renal bone disease. The increase in
aluminium concentrations is due to enhanced gastro-
intestinal absorption mediated by citrate's properties
of increasing aluminium solubility and opening gastro-
intestinal mucosal tight junctions.'

These reports recommend that patients with renal
failure taking aluminium compounds should not be
prescribed citrate containing preparations. Our experi-
ence draws attention to the presence of citrate in
a commonly used and widely available group of
drugs-effervescent or dispersible analgesics. Such
compounds can be bought without prescription.
Clearly, it is important that renal patients taking
aluminium containing compounds are not prescribed
and do not self administer citrate based effervescent
analgesics. The presence of citrate in these compounds
is frequently omitted from descriptions of the drugs in
both the British National Formulary and the Data Sheet
Compendium. We suggest that when citrate is used in
drug formulations it is clearly labelled to enable renal
failure patients and those who prescribe for them to
avoid such drugs if indicated.
The Committee on Safety of Medicines has been

informed of this interaction.
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