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The Ann Arbor staging classification has long been recognised to have shortcomings when used to stage 
the follicular lymphomas. To date, the identification of important prognostic variables has not 
succeeded in producing a superior staging classification that reflects the stages of dissemination of 
these processes in a way that can be used in the testing of new therapeutic strategies. A fresh look is 
taken at these factors. Data Corn 398 patients entered into the British National Lymphoma Investigation 
trials between 1974 and 1980, were analysed to evaluate the performance of the Ann Arbor staging 
classification. Multiple regression and proportional hazards techniques were used to determine what 
factors independently influence response to initial treatment, the durability of that response and 
ultimate survival, and to isolate factors that relate to disease progression from those that have other 
mechanisms of action. The Ann Arbor staging classification fared poorly, minimally separating 
relapse-free and cause-specific survival probabilities in patients with the largest staging groupings, III 
and IV. Significant prognostic heterogeneity was seen in both of these stage groupings, with 22% of 
patients with stage IV disease on the basis of marrow involvement having slightly better outcomes than 
patients with stage III disease. Significant differences in outcome were also observed between patients 
of different age and sex in each Ann Arbor stage grouping. Increasing number of lymph node regions 
involved, constitutional symptoms, the presence of splenomegaly and increasing age were observed to 
have powerfully independent adverse influence on probability of complete response to treatment and 
cause-specific survival. The evolution of the follicular lymphomas is reflected at the clinical level by an 
increase in the number of lymph node regions involved and splenomegaly. Simple classifications based 
on simple counts of lymph node regions involved and splenomegaly are more successful than the Ann 
Arbor staging classification in subdividing the series into patient subgroups that, regardless of gender 
or age, experience significantly different probabilities of responding completely to therapy and, as a 
consequence, relapse-free and cause-specific survival expectations. The definition of poor prognosis in 
subgroups may be of value in selecting patients for newer and more intensive therapeutic approaches. 
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INTRODUCTION 
UNLIKE HODGKIN’S disease, which appears to remain localised 
for considerable periods before spreading systematically via 
the lymphatics [l], the follicular lymphomas are frequently 
disseminated at presentation and often appear to spread ran- 
domly. Marrow involvement is a very common finding 

Correspondence to J.W. Denham. 
Revised 2 Oct. 1995; accepted 13 Nov. 1995 

especially in patients with the predominantly small follicle cell 
variant, but in spite of this the patient may live for many 
trouble-free years without any treatment [2, 31. 

The Ann Arbor staging classification, which was designed 
for use in Hodgkin’s disease [4], is also widely used through- 
out the world for staging non-Hodgkin’s (NHLs) lymphomas. 
However, as Rosenberg pointed out in 1977, the classification 
is not particularly satisfactory for the low-grade ‘lymphocytic’ 
NHLs, which include most cases of follicular lymphoma, 
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because the majority of patients have disseminated disease at 
presentation and because the prognosis of patients with stage 
III or IV disease can be extremely variable [5]. Rosenberg 
compared the situation with chronic lymphatic leukaemia in 
which every case could be considered to have Ann Arbor stage 
IV disease but where the prognosis could be anything from 
months to many years. Rosenberg concluded that the Ann 
Arbor classification should be replaced in the low-grade NHLs 
by a classification reminiscent of the one proposed by Rai and 
associates [6] for use in chronic lymphatic leukaemia. 

In 1978, Galton and associates [7], Wamke and Levy [8] 
and Weissman and colleagues [9] suggested that some, or all, 
neoplastic follicle cells that compose the follicular lymphomas 
retain some of the migratory and ‘homing’ properties of nor- 
mal follicle cells and speculated that the observed anatomical 
distribution of disease in B-cell domains of the lymphoid 
system and in marrow might be explained on this basis. Yet in 
spite of this now widely accepted [lo] conceptual break- 
through, a new staging classification has not emerged. This is 
largely because the different stages of disease progression 
remain difficult to identify in a disease process that is fre- 
quently disseminated at presentation. 

In the present paper, a fresh look is taken at factors that 
seem to have prognostic importance in the follicular lym- 
phomas. In attempting to isolate factors that reflect disease 
progression, an effort has been made to understand how 
factors that are independent of disease stage exert their influ- 
ence. It is argued that without such knowledge a rational 
staging classification that will be of value in treatment design 
as well as for prognostication will be unlikely to evolve. 

Patients 
PATIENTS AND METHODS 

This report is based on 398 patients with follicular non- 
Hodgkin’s who, after giving their consent, were entered from 
38 institutions in the United Kingdom into the British 
National Lymphoma Investigation (BNLI) trials between Jan- 
uary 1974 and October 1980. The analysis that forms the 
basis of this report commenced in October 1992 providing a 
minimum follow-up period of 12 years and a maximum of 
almost 19 years. 

The histopathological appearances of pathological material 
from all of these patients have been re-reviewed by the authors 
of ‘British’ classification of the NHLs [l l] (Drs Michael 
Bennett, Kristin Henry and Geoffrey Farrar-Brown) and have 
subsequently been reviewed by Dr Bennett. The relationship 
between the British classification and the Working Formu- 
lation [ 121 is described in the first in this series of two reports 
(pages 470-479). Although the two classifications of the fol- 
licular lymphomas are comparable, it is likely that some pati- 
ents with predominantly small cell histology in this report 
would be classified as having follicular mixed cell histology 
according to the Working Formulation, and some with mixed 
histology would be classified as follicular large cell according 
to the Formulation. 

The patients reported herein were entered into three pro- 
spective randomised controlled clinical trials addressing man- 
agement options in the low-grade NHLs (Table 1) organised 
by the BNLI during that period [13, 141 after the staging 
work-up protocol listed in Table 2. Details of these trials 
have been described in the first report in this series (pages 
470-479). 

Overview of the analytical methodology used 
The first part of the analysis was to determine the perform- 

ance of the Ann Arbor staging classification in this series of 
patients. Examined in this part of the analysis was the practical 
utility in terms of size of the staging categories, the prognostic 
discrimination offered by the categories in patients of both 
sex, at all ages and with all histological subtypes, and the 
presence of important prognostic heterogeneities within the 
staging categories. 

The second part of the analysis was to determine the relative 
influence of and interaction between prognostic variables. A 
series of multiple regression and Cox proportional hazards 
regression analyses [ 151 were performed to determine which 
disease ‘stage-related’ variables (i.e. clinical manifestations of 
involvement) consistently reflect disease advancement, 
regardless of the age or sex of the patient or the histological 
subtype of the disease. To do this, it was necessary to establish 
which variables have an important influence both on response 
to treatment and ultimate survival that is independent of age, 
sex and histological subtype. First, therefore, multiple logistic 
regression procedures were performed to establish which fac- 
tors independently influence response to initial therapy. Then 
proportional hazards models were derived in completely 
responding patients to determine which factors influence 
durability of remission. Finally, proportional hazards models 
based on the whole series of patients (regardless of response 
to treatment) were used to establish which patient subgroups 
enjoy better cause-specific survival expectations. 

Definitions adopted 
In analyses designed to determine whether associations exist 

between an increasing number of lymph nodes sites with 
features such as marrow involvement, splenomegaly, consti- 
tutional symptoms, etc., and outcome measures such as 
response to therapy, relapse-free and cause-specific survival, a 
simplification of the classification of lymph node sites involved 
was used in this study. This simplification involved the defi- 
nition of six lymph node ‘regions’ (groups of adjacent sites). 
Three regions above the diaphragm and three below were 
defined to reduce the probability of an artificial over-emphasis 
in the importance of supradiaphragmatic sites in such analysis 
due to the fact that approximately 20% of patients in the series 
had not been subjected to investigations to assess the intra- 
abdominal nodes. The ‘regions’ included two ‘peripheral’ 
regions on either side of the diaphragm (above the diaphragm: 
both cervicaliaxillary ‘regions’, below the diaphragm: both 
inguino-iliac ‘regions’) and one ‘central’ region on either 
side of the diaphragm (above the diaphragm: the mediastinal 
‘region’; below the diaphragm: the para-aortic/ 
mesentericiporta hepatic ‘region’; Figure 1). 

The definitions chosen for splenomegaly and hepatomegaly 
were based upon the probability of involvement of these 
two organs being involved by their palpable enlargement. In 
follicular lymphoma, it is highly probable that enlargement of 
the spleen will indicate its involvement and this was therefore 
used as the criterion for scoring ‘splenomegaly’ present. Stud- 
ies on spleens removed at staging laparotomy or post mortem 
[16-l 91 indicate that involvement occurs in probably 35% of 
spleens weighing less than 400 g, 26-39% of spleens up to 
200 g, 44-66% of those weighing between 200 and 400 g, and 
in nearly 100% of spleens weighing 400 g or more. Data of 
this type suggests that a palpable spleen is highly likely to be 
involved, whereas an impalpable spleen is likely to be involved 
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Table 1. British National Lymphoma Investigation (BNLI) triaZs in low-grade NHL (1974-1980). The BNLI grade 1 trials (n = 

number of patients with follicular lymphoma and considered in this report who were accrued into the various trial arms. A further 13 
patients included in this report were treated with COP between the first and second disseminated disease trials) 

BNLI trials in low-grade NHL (1974-l 980) 

Limited disease trial (Ann Arbor stages I and II) 
Involved field radiotherapy to 35 Gy (n = 55) 

Involved field radiotherapy to 35 Gy then chlorambucilO.2 mg/kg/day orally for 8 weeks then chlorambucilO.1 mg/kg/day orally for 16 
weeks (n = 50) 

Disseminated disease trials 
First trial 

ChlorambucilO.2 mgikglday orally until complete remission and then for 8 weeks following this, then chlorambucilO.1 mg/kg/day orally 
until a total of 2 years had elapsed since starting treatment (n = 50) 

i.v. cycles of COP at intervals of 24 weeks until complete remission obtained then three further cycles following this to a minimum of six 
cycles administered (n = 47) 

COP: 
Cyclophosphamide 600 mg/m’ (max 1 g) i.v. days 1 and 8 
Vincristine 1.4 mg/m* (max 2 mg) i.v. days 1 and 8 
I’rednisone 50 mg/m’ (max 100 mg) orally days 1 to 8 

Second trial 

Chlorambucil (n = 90) versus COP (n = 93) as above. Patients not achieving complete remission within 3 months of starting therapy were 
switched to the opposite trial arm. 

A second randomisation to chlorambucilO.1 mg/kg/day orally until 2 years had elapsed after commencing treatment or no further 
treatment occurred in completely responding patients. 

Table 2. Staging protocol for patients accrued into the British 

National Lymphoma Investigation trials 

l History and examination 
l ENT examination 
l Nodal biopsy 
l Weight 
. Full blood count (including white cell differential and ESR) 
l Liver function studies (including albumen and globulin levels) 
l Chest X-ray, PA and lateral 
l Mediastinal tomograms* 
l Abdominal lymphangiogram 
l Bone marrow 
l Scintigraphy of liver and spleen* 
l Ultrasound of liver, spleen and abdominal nodes* 
l CT scanning abdomen and thorax* 
l Liver biopsy* 
0 Laparotomy 

*Optional, depending upon clinical indications and availability. 

in only 30-40% of cases. This has been confirmed in the 
studies of Moran and associates [20] and Goffinet and associ- 
ates [21]. Since the assessment of spleen size on isotope scan 
is not particularly reliable [22-251, clinical enlargement of the 
spleen to 2 cm below the costal margin was adopted as the 
criterion for splenomegaly in this study, with scintigraphic 
evidence of splenomegaly accepted only in the obese patient 
where palpation of the abdominal contents proved difficult. It 
was felt that the application of this definition of splenomegaly 

Figure 1. (a) The arbitrary grouping of lymph node sites used 
in this study. (b) The six arbitrary node regions (groups of 
lymph node sites) used in this study (see text for further 

details). 

would make it extremely likely that the spleen was not only 
enlarged but also involved in patients so designated. 

The decision regarding the definition of hepatomegaly was 
less straightforward. The liver edge is often palpable in normal 
individuals and is felt even more frequently in patients with 
emphysema or congestive cardiac failure. However the liver is 
frequently involved in follicular lymphoma [ 17, 21, 26-291 
and significant involvement is likely to be manifest by hepatic 
enlargement [ 191. The criterion of hepatomegaly used in this 
study was a liver edge palpable 4 cm below the costal margin. 
Hass and associates [29], Goffinet and associates [30], 
Chabner and asssociates [31] and Moran and associates 1201 
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found that the incidence of liver involvement correlates 
strongly and positively with degree of splenic involvement 
(assessed by its weight). Goffinet and colleagues [21] found 
the liver to be involved in more than two thirds of patients 
with palpable splenomegaly (spleen size 400-900 g or more: 
12 out of 18 cases liver involved; Spleen size 900 g or more: 9 
out of 9 cases liver involved too). Although the measurement 
of liver volume using emission computed tomography may 
prove to be an extremely accurate method [32], conventional 
scintigraphy (as used in the 1970s) is extremely disappointing 
in the estimation of liver size and involvement in follicular 
lymphoma. It was considered that hepatomegaly, so defined, 
in the presence of splenomegaly would indicate a probability 
of involvement in excess of 0.66. 

Statistical methodology 

The clinical data supplied by clinicians who participated in 
the BNLI trials were entered on to a PC-based temporal 
database package (MEDLOG) and were analysed using some 
of the statistical options available on this database (which 
include Kaplan-Meier survival curve options [33], the log- 
rank test [34] for differences between curves, parametric and 
non-parametric tests for comparing variable value distribution 
between subgroups, multiple logistic and Cox proportional 
hazards regression analyses) [ 151. Survival was estimated from 
the date of starting treating to the date of death, or to the date 
last seen alive. Death was assumed to be a result of lymphoma 
unless the patient was in first remission up to the time of death 
and the cause of death was certified as being due to another 
(intercurrent) cause. Relapse-free survival was based on the 
time to estimated date of relapse (or to date that relapse was 
first recorded-if an estimate was unavailable) from the date 
of starting treatment in patients who responded completely to 
therapy. The resulting curves therefore commence at the 
percentage of patients who responded completely to initial 
therapy. 

RESULTS 
Demographic information 

In this series, males exceeded females by a ratio of 222: 176. 
However, neither age distribution of patients within the series 
nor distribution of histological subtype differed with respect 
to gender. Almost exactly one third of male and female 
patients were younger than 50 years and one third were over 
62 years. 270 (67.8%) had predominantly small cell histology, 
108 (27.2%) had mixed cell and 20 (5.0%) predominantly 
large cell. Undoubtedly the incidence of marrow involvement 
in this series (20.9%) is under-represented. In the early years 
of accrual into these trials, it is quite possible that a failure to 
appreciate that involvement is commonly paratrabecular in 
distribution [19, 351 may provide an explanation for the low 
incidence of detection. Ililac crest trephine biopsies replaced 
sternal aspiration examinations once the higher yield of posi- 
tive findings from doing so [ 1, 11, 13, 14, 351 became widely 
recognised in the late 1970s throughout the United Kingdom. 
Marrow involvement and splenomegaly were more frequently 
involved in male patients and those with predominantly small 
cell histology. However, after multiple regression analysis, 
which took into account number of lymph node regions 
involved only the association between the presence of spleno- 
megaly, and gender and small cell histology retained inde- 
pendent significance. Lower haemoglobin values were seen in 
female patients and lower serum albumen levels were recorded 

in patients who were over 62 years. As number of lymph 
node regions involved increased, almost linear increases in 
incidence of marrow involvement, splenomegaly and consti- 
tutional symptoms were observed in patients of both sexes 
with all histological subtypes (Figure 2). Decreases in haemo- 
globin and albumin levels were observed to accompany these 
increases. Increasing Ann Arbor stage also correlated with 
an increasing incidence of splenomegaly and constitutional 
symptoms and decreasing levels of haemoglobin and albumen, 
but the relationships were not linear, 

The pe$ormance of the Ann Arbor staging system 

Overall performance. The Ann Arbor staging system was 
observed to have some prognostic validity in the series taken 
as a whole (Figure 3). Although it did not discriminate well 
between the two most numerically large categories (stages III 
and IV) in terms of relapse-free or cause-specific survival, it 
did separate these from the two more favourable categories. 
The presence of constitutional symptoms was observed to 
influence adversely prognosis in most stages although to a 
considerably varying degree. 

When the series was divided according to patient gender, 
the prognostic discrimination provided by the classification 
broke down. In female patients, minimal differences between 
Ann Arbor stages II, III and IV could be detected in relapse- 
free or cause-specific survival at 5 or 10 years. This appeared 
to be because female patients with Ann Arbor stages III and IV 
disease had better relapse-free and cause-specific expectations 
than male patients with these stages (1 O-year figures with 95% 
confidence intervals: for relapse-free survival, males 
14.4 ? 4.8 versus females 21.4 ? 7.2%, P=O.O46; cause 
specific survival, males 33.2 2 7.6 versus females 50.7 ? 9%, 
P= 0.0002). Patients over 62 had worse relapse-free and 
cause-specific survival expectations than younger patients in 
every Ann Arbor stage category (lo-year relapse-free figures: 
16.7? 7.3% versus 27.5 ? 5.6%, P=O.O46; cause-specific, 
29.4 ? 8.5 versus 54 ? 6.4%, P < 0.0001, Figure 4). The 
prognostic discrimination between the stage III and IV categ- 
ories was particularly poor for patients over 62 years (a non- 
significant advantage in favour of stage IV disease was 
observed in both male and female patients). 

Utility of marrow involvement as a criterion for stage IV dis- 

ease. The lack of independent influence of marrow involve- 
ment apparent in the proportional hazards model was well 
illustrated by stratifying the series according to the number of 
lymph node regions involved. The prognosis of patients with 
marrow involvement (who by definition had Ann Arbor stage 
IV disease) varied considerably according to the number of 
lymph node regions involved both in terms of relapse-free 
and cause-specific survival (Figure 5). In fact, patients with 
marrow involvement who had only one or two lymph node 
regions involved (i.e. 22% of patients in the stage IV category) 
had slightly, but not significantly, better relapse-free and 
cause-specific survival expectations than patients with stage 
III disease (who by definition had not been found to have 
marrow involvement)-IO-year relapse-free and cause-spec- 
ific figures with 95% confidence intervals were 26.7 ? 21.4 
versus 20 ? 6.1% (P= 0.28) and 48.5 ? 24.1 versus 
45.1 ? 8.2% (P= 0.45), respectively. 

Utility of nodal distribution with respect to the diaphragm as a 

staging criterion. The Ann Arbor staging classification dis- 
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(a) Systemic symptoms (b) Marrow involved 

II 
5 6 

Lymph node regions involved 

(c) Splenomegaly 

I 
6 

Lymph node regions involved Lymph node regions involved 

1 2 3 
I 

6 
Lymph node regions involved 

(d) Hepatomegaly 

1 3 4 5 6 

Figure 2. The incidence of (a) systemic symptoms, (b) marrow involvement, (c) splenomegaly and (d) hepatomegaly according 
to the number of lymph node regions involved. The closed bars refer to the number of regions counted. The open bars take into 
account the assumption when counting regions involved that the para-aortic nodes were involved in cases where no assessment 

of the retroperitoneum had been carried out. 

criminates between patients with several lymph node groups 
involved on one side of the diaphragm, i.e. stage II (but 
without extra-lymphatic involvement), with several lymph 
node groups involved but distributed anatomically on both 
sides of the diaphragm (who also do not have extra-lymphatic 
involvement), i.e. stage III. However, patients that have two 
or three lymph node regions involved that are situated on both 
sides of the diaphragm were not found to have worse relapse- 
free or cause-specific survival expectations than patients with 
two or three regions involved on one side of the diaphragm 
only (at 10 years: relapse-free, 24 2 10 versus 21.6 ? 13.3%, 
P=O.37; cause-specific, 50 * 9.7 versus 44.2 ? 15.6%, 
P= 0.72). 

Prognostic factors 

Influence ofpatient-related and disease-subtype-related variables 

on prognosis. Presented in Table 3 are the results of logistic 
regression and Cox proportional hazards regression analyses 
that took into account the influence of patient-related factors, 
such as age and sex as well as various stage-related variables 
and histological subtypes, on the expectation of complete 
response to therapy, relapse-free survival following complete 

remission and cause-specific survival in the whole series. Pro- 
portionality considerations aside, the events examined prob- 
ably do not respond linearly to increasing age as the models 
assume. Within the limitations of the methodology, the mod- 
els do demonstrate quite clearly, however, that increasing age 
does have an adverse influence on probability of complete 
response to therapy and cause-specific survival. They also 
suggest that male gender is an important adverse factor that 
needs to be taken into account when looking at cause-specific 
survival, because it seems to reduce the odds of obtaining 
remission as well as reducing its durability. Histological classi- 
fication also emerged as an independent predictor of response 
to treatment and cause-specific survival. The model predicts 
that patients with predominantly small cell histology will 
respond completely to therapy more frequently than patients 
with mixed cell histology, and enjoy better survival expec- 
tations. Similarly, patients with mixed histology were pre- 
dicted to benefit more from treatment than patients with 
large cell histology. These predictions were reflected by better 
survival figures for patients with predominantly small cell 
histology than for patients with mixed cell histology (at 10 
years: 49.6 ? 6.2 versus 36.7 ? 9.8%, P= 0.064). Unfortu- 
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Figure 3. (a) Relapse-free and (b) cause-specific survival 
according to Ann Arbor stage. 
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Figure 4. Relapse-free survival according to Ann Arbor stage 
in patients younger than 62 years (a) and in patients 62 years 

or more (b). 

nately, too few patients with large cell histology were at risk at 
10 years to draw a meaningful comparison between this sub- 
type and the others. 

Injluence of disease-stage-related variables. After the 
important influence of increasing age, male sex and histologi- 
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clear separation of patients with two, three and four lymph 
node regions involved does not occur. In addition, the categor- 
ies vary considerably in numerical size. 

Increased prognostic discrimination can be achieved by a 
reduction in the number of categories to four by combining 
groups of patients with two and three regions involved and 
patients with four and five regions involved. Further improve- 
ment takes place if patients with splenomegaly are included in 
the category of patients with six regions involved (Figure 6). 
It will be noted that this reclassification produces categories of 
more even size than the Ann Arbor classification as well as 
producing statistically significant differences in relapse-free 
and cause-specific survival expectation between each category 
(10 year relapse-free and cause-specific figures: category I, 
52.2 + 11.8 and 66.4% 11.2%; category II, 27.1 ? 8.8 and 
50.9 -t 9.8%; category III, 16.5 5 6.9 and 41.7 ? 9.2%; cate- 
gory IV 7 + 5.6 and 27.5 f 9.7%; relapse-free long-rank com- 
parisons: I versus II, P= 0.005; II versus III, P= 0.023; III 
versus IV, P = 0.002; cause-specific log-rank comparisons: I 
versus II, P= 0.026; II versus III, P= 0.049; III versus IV, 
P= 0.014). It also predicts an almost linear relationship 
between failure to obtain complete remission to therapy and 
increasing category. Not shown, but of relevance, are relapse- 
free and cause-specific Kaplan-Meier survival plots after the 
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series has been stratified according to age and sex, which show 

Cause-specific survival in years 
that the categories provided by this classification separate 
consistently throughout the series but most strongly in male 
patients. Although constitutional symptoms would not appear 
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- - One and two lymph node regions and marrow involved I to be common in category 1 and 2 patients, they were noted 

(LNR12M) (n = 18) to exert important adverse influence on prognosis in categories 
- Three and four regions and marrow involved 3 and 4. 

(LNR34M) (n = 3 1) 
_ _ _ Five and six regions and marrow involved 

(LNR56M) (n = 34) DISCUSSION 

- Ann Arbor Stage 3A,B (ST3) After more than 20 years of doubt it will not be a surprise 

Figure 5. (a) Relapse-free and (b) cause-specific survival in 
that the Ann Arbor staging classification has not performed 

patients found to have marrow involvement according to the particularly well in a large series such as this one that has a 
number of lymph node regions involved. For comparative follow-up exceeding 12 years. Its most important failure in this 
purposes, curves for patients with Ann Arbor stage III disease 
(i.e. who were not found to have marrow involvement) are 

series has been in separating the two largest stage groupings 

shown. 
III and IV. Perhaps the most important reason for this, as 
Rosenberg predicted in 1977, is the fact that the finding of 
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Table 3. Results from a logistic regression analysis to determine the influence of various factors on probability of obtaining complete 

remission following therapy. The table also provides results from Cox proportional hazards analyses pegormed to determine the influence 

of these variables on relapse-free survival once remission is obtained and on cause-specajic survival 

Factors 

Failure to respond completely to 
therapy (n = 398) 

Odds ratio (95% CI) 
P value 

All patients in all trial arms 
Relapse in complete responders Decreasing cause-specific survival 

(n = 264) (n = 398) 
Hazard ratio (95% CI) Hazard ratio (95% CI) 

P value P value 

Increasing age 

Female gender 

Histological subtype 

Systemic symptoms absent 

Increasing Ann Arbor stage 

Increasing lymph node regions 

Marrow not involved 

Splenomegaly absent 

1.02 (1.00-1.04) 
P= 0.02 

0.83 (0.51-1.34) 
P= 0.44 

1.50 (1.00-2.25) 
F= 0.05 

0.54 (0.29-1.00) 
F= 0.054 

1.71 (1.19-2.45) 
P= 0.003 

1.21 (1.01-1.44) 
P= 0.03 

1.57 (0.83-3.00) 
P=O.17 

0.29 (0.16-0.53) 
F <0.0001 

1.01 (1.00-1.02) 
P=O.13 

0.77 (0.56-1.06) 
P=O.ll 

1.06 (0.80-1.40) 
P= 0.70 

1.07 (0.63-1.80) 
F= 0.81 

1.03 (0.82-1.30) 
P= 0.77 

1.25 (1.10-1.42) 
P= 0.0004 

1.25 (0.79-1.97) 
P= 0.34 

1.12 (0.67-11.87) 
P= 0.68 

1.03 (1.02-1.05) 
P <0.0001 

0.66 (0.50-0.86) 
P= 0.003 

1.34 (1.07-1.68) 
P= 0.012 

0.60 (0.43-0.85) 
P= 0.004 

0.98 (0.80-1.20) 
P= 0.87 

1.25 (1.12-1.39) 
P <0.0001 

0.77 (0.54-1.10) 
I’= 0.16 

0.68 (0.48-0.96) 
P= 0.03 

marrow involvement is not an ominous finding in all cases. 
Some patients with marrow involvement have been shown to 
have a median survival of just over 9 years-slightly longer 
than the median survival of all patients with stage III disease 
(who by definition were not found to have marrow 
involvement). As suggested previously [5, 361, the finding of 
marrow involvement would therefore not seem to be a good 
reason, by itself, to allocate patients into the highest staging 
category. In part, this is the reason for the failure of the 
classification to separate between stages III and IV. Many 
patients with stage III disease who have adverse features such 
as five or six lymph node regions involved and splenomegaly 
fare worse than the not insignificant number of patients with 
Ann Arbor stage IV disease who have less than five lymph 
node regions involved. 

The analysis of prognostic factors operative in this series 
has not produced major differences with conclusions drawn 
by other investigators using data from other contemporary 
series. As in other analyses, increasing age (particularly over 
60 years) [37-461, histological subclassification, the presence 
of constitutional symptoms [36, 39, 46-501 and increasing 
number of lymph node regions [45, 511 have been found to 
exert the most powerful independent adverse influences upon 
the probability of obtaining complete remission to therapy, 
and subsequent relapse-free and cause-specific survival. The 
adverse impact of the presence of splenomegaly on probability 
of obtaining complete remission in particular is interesting 
and has not been extensively documented previously [40]. 
The important question to ask is what these factors mean. The 
adverse influence of advancing age on the odds of obtaining 
complete clinical remission following therapy is hardly surpris- 
ing. Perhaps decreasing marrow reserve and host resistance, 
amongst others, are the important operative factors. The 
adverse influence of male gender on odds of failure to respond 
completely and remission durability is more difficult to 

explain. It is a factor that is prognostically important for many 
other diseases, both benign and malignant. 

It has not been possible to account for the presence of other 
intercurrent life shortening afflictions in this series and this 
may be a consideration. Results from this series suggest that 
after one lymph node site has become involved, it matters 
little whether subsequent sites of involvement (up to three 
regions) are confined to one side of the diaphragm or distrib- 
uted on both sides. Classification according to spatial 
(anatomical) distribution of involvement, as provided by the 
Ann Arbor staging classification, breaks down at this point. 
The powerful and independent adverse influence of increasing 
number of lymph node regions involved in odds of obtaining 
initial remission, then remaining in remission and ultimately 
dying from follicular lymphoma, is of particular interest in this 
respect. It is now held that the evolution of the follicular 
lymphomas is to be characterised by an accumulation of 
neoplastic lymphocytes throughout the lymphoid system. Per- 
haps, therefore, the prognostic importance of an increasing 
number of lymph node regions involved reflects this phenom- 
enon and is more an expression of increasing disease burden 
than of anatomical dispersion of the disease. 

The lack of independent adverse significance of marrow 
involvement will probably not surprise the many investigators 
that are critical of its use as a criterion for placing patients in 
the highest staging category (Ann Arbor stage IV). Neverthe- 
less, the incidence data in this series are interesting in that an 
almost linear correlation between increasing number of lymph 
node regions involved and increasing incidence of marrow 
involvement could be demonstrated. This finding adds weight 
to similar findings from other series which suggest that the 
discovery of marrow involvement is a stochastic phenomenon, 
i.e. that marrow involvement will be found with increasing 
frequency if a greater number of marrow samples from each 
patient are examined [l, 21, 28, 32, 331 and will be found as 



J.W. Denham et al. 

(4 

c 
5 10 15 20 

Relapse-free survival in years 

--- Category 1 (1) (n = 77) 
- Category 2 (2) (n = 116) 
- - - Category 3 (3) (n = 117) 
- Category 4 (4) (n = 88) 

(b) 

1.0 

0.8 P 
0.7 

,x 0.6 
2 
L, m 0.5 
n 
E a 0.4 

LL 4 

5 Ib- 15 20 

Cause-specific survival in years 

~-- Category 1 (I) (n = 77) 
- Category 2 (2) (n = I 16) 
- - - Category 3 (3) (n = 117) 
- Category 4 (4) (n = 88) 

Figure 6. (a) Relapse-free and (b) cause-specific survival 
according to lymph node involvement and splenomegaly. Cate- 
gory l-one lymph node site without splenomegaly n= 77 
(19%). Category 2-1~0 or three lymph node regions without 
splenomegaly n = 116 (29%). Category 3-f-w or five lymph 
node regions without splenomegaly n = 117 (29%). Category 4- 
six lymph node regions and/or splenomegaly present n=88 
(22%). n = number of patients in present series who would be 

allocated to each category. 

accumulation of neoplastic follicle cells [9] in the lymphoid 
system takes place. Further support for this proposal comes 
from the proportional hazard analysis which showed that 
the finding of marrow involvement did not have prognostic 
significance independent of the number of lymph node regions 
in any subgroup of patients classified according to age, sex 
and histological subtype. Of course, it could be legitimately 
argued that this null finding has come about because marrow 
involvement was under-diagnosed and because the resulting 
subgroups were too small to detect differences that were really 
there. However, this explanation overlooks the fact that the 
marrow involved subgroup was composed of patients with 
markedly different relapse-free and overall survival expec- 
tations and that these differences depended in an entirely 
coherent manner on the number of lymph node regions 
involved. Patients who had a larger number of regions 
involved had a worse prognosis regardless of whether or 
not their marrows were shown to be involved. Although the 
frequency of splenomegaly was observed to correlate almost 
linearly with increasing number of lymph node regions 
involved, just as marrow involvement was found to do, it 
is less easy to explain the apprarently independent adverse 
influence of splenomegaly on probability of complete 
remission and cause-specific survival observed in this series on 
the basis of a purely stochastic phenomenon. Patients with 
splenomegaly had expectations of complete remission to ther- 
apy that were inferior to those of patients with the same 
number of lymph node groups involved but without spleno- 
megaly. Perhaps the presence of splenomegaly might be 
viewed as an additional but highly significant site of disease 
‘bulk’ in some or all of the patients. Its disappearance follow- 
ing therapy may require particularly high levels of cell kill. It 
must be pointed out, however, that the proportional hazards 
analysis that assesssed the influence of factors responsible for 
relapse in completely responding patients provided no support 
for this proposal. An alternative possibility is that splenomeg- 
sly may be a feature of a follicular lymphomatous subtype that 
is more resistant to therapy and therefore has a worse outlook 
than the more common presentations. However, although 
splenomegaly was found to be more common in male patients 
and patients with predominantly small cell histology, no clear- 
cut evidence emerged from the series of the presence of a 
specific disease subtype in which splenomegaly is a manifes- 
tation. 

It will be noted that the re-classification of this series using 
the number of lymph node regions involved and splenomegaly 
into categories that perform better than the Ann Arbor classi- 
fication staging categories is a simple matter. Not only do four 
prognostic categories of substantial size result, but each of 
these categories differs to a highly significantly different extent 
with respect to response to treatment and subsequent out- 
come. The question is whether doing this has any clinical 
utility in the modern era where, for example, computerised 
tomography has produced major improvements in the diag- 
nosis of intra-abdominal and intrathoracic disease. More 
accurate information concerning number of lymph node 
regions involved could quite obviously impact on the results 
of an analysis of prognostic factors such as this one. Also 
unknown is the independent impact of factors, such as pre- 
treatment serum LDH, performance status, sites of bulky 
disease and extra-nodal spread, which have been shown in the 
‘International non-Hodgkin’s lymphoma prognostic factors 
project’ to be of important predictive value for patients with 
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aggressive non-Hodgkin’s lymphoma [52]. h%ore recent analy- 
ses suggest that these factors also have importance for the 
follicular lymphomas [53-551. Unfortunately, LDH and per- 
formance status were not routinely evaluated at the time the 
trials in this report were undertaken. The clinical utility of 
prognostic scheme based on a simple count of lymph node 
regions involved and splenomegaly, which are shown to be 
potent prognostic variables in this report and are easy to 
estimate without recourse to invasive investigation, therefore 
awaits evaluation in a reliably staged modern series in which 
serum LDH and performance status estimates, in particular, 
are available. If a simple count of lymph node regions involved 
and an assessment of splenomegaly were to retain their inde- 
pendent potency following such an evaluation, the question 
would then arise as to whether they could be used to derive a 
new staging system that would be useful in the assessment of 
new treatment methods. 

The development of a staging system for low-grade non- 
Hodgkin’s lymphoma with reasonable predictive value for 
outcome, particularly in the Ann Arbor Stage IV category, has 
become increasingly important in the era of new therapies 
such as high-dose chemotherapy and biological response 
modifiers [54, 551. Currently, the majority of the data avail- 
able to assess more intense treatment come from phase II 
studies. The inability of the Ann Arbor staging system to 
predict outcome has made it difficult to regard the compari- 
sons of the results of these high-dose strategies with historical 
controls with any certainty. In addition, a randomised design 
for a study of high-dose therapy would be unlikely to compare 
like with like if Ann Arbor stage was a major criterion used for 
stratification. The results of this re-analysis and efforts such 
as the ‘International non-Hodgkin’s lymphoma prognostic 

factors project’ will hopefully make interpretation of the 
results of new therapies for non-Hodgkin’s lymphoma more 
reliable. 
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