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I. REPRESENTATIVE CLINICAL CASES: 

1. M.B.: At age 52 (1957) this woman, involved in health care 
delivery, was seen for her routine annual physical examination. She 
had· no clinical complaints and her physical examination was comple tely 
no.rmal. An absolute lymphocytosis was noted on examination of her 
peripheral blood (see below). No other clinical or laboratory a bnormal
ities were noted. Subsequent to that initial evaluation she had a per
sistent lymphocytosis and her peripheral hematologic values can be seen 
in the table below. Over the past 20 years she has been followed seri
ally by her family internist and seen in recent years in consultation 
here at the Medical School. During this time she has been completely 
asymptomatic and has had no significant changes in her physical findings. 
In particular, she had neither lymph node enlargement nor hepatospleno
megaly. During the 1960's bone marrow aspiration was performed and 
demonstrated significant lymphocytic infiltration of the marrow providing 
confirmation of the diagnosis of chronic lymphocytic leukemia. 

In addition to the laboratory findings noted below she has had 
normal serum and urine proteins, a negative Coombs' test, and a normal 
profile by SMA-12 evaluation. 

She has continued in robust health to the present with no 
change in physical findings. Subsequent to her retirement from active 
employment she became a volunteer health care worker and has continued to 
be very active in this role. 

Laboratorl Data: Absolute 
WBC % LymEh LlmEhocyte Hb/Hct Platelets 

6/'57 14-;800 56 8,288 13.5/39 Adq. 
8/'60 9,500 52 4,940 13/39 
12/'64 12,100 62 7,502 14/41 277,000 
6/'68 43,000 75 32,250 12.5/38 205,000 
10/'68 62,000 85 52,700 13.7/40 250,000 
1/'69 55,000 80 44,000 13.5/39 240,000 
8/'69 88,000 86 75,680 14/40 202,000 
7/ '77 59,000 85 50,150 14/40 225,000 
7/'78 48,000 85 40,800 14/40 245,000 

2. Dr. C.: This 40-year old physician was first seen in 1968, 
having been referred by his family pathologist with a dia gnosis of acute 
leukemia. He apparently had been asymptomatic but had noted ? small node 
in his right cervical area. While awaiting his third surgical case for 
the day his associate elected to excise the node. Frozen secti·on report 
was "diagnostic of acute leukemia". Peripheral hematologic examination 
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1vas then performed and his lvhite count noted to be 300,000/mm 3
, "all of 

which are myeloblasts". A diagnosis of acute leukemia was made and the 
patient was referred for evaluation and therapy. 

\fuen seen on the following morning (15 April 1968) his onl y 
identifiable symptoms ~.Jere a 10-lb. weight loss in the previous few 
months (but IVhile trying to lose ~Veight by ca loric restriction) a nd occa
sional night sweats. Initial evaluation revealed him to be ~Yell developed 
and slightly obese. He had generalized enlargement of his lymph nodes 
IVith multipl~ nodes (2-3 em in size) in the anterior and posterior cervi
cal chains and supraclavicular areas. Multiple axillary nodes ~Vere pres
ent bilaterally, some of IVhich ~.Jere 4 cm . in diameter . His liver ~Vas pal
pable 4 em beneath the right costal margin IVith an over-all IVidth of 18 
em, and his spleen \Vas palpable 15 em beneath the left costal margin. 
Initial hematologic evaluation confirmed that the white blood count was 
310,000, of which 99% \.Jere small, mature lymphocytes. His hemoglobin was 
13.8 gms; hematocrit 43 vols%; and his platelets 175,000. Other l abora
tory studies revealed a borderline gamma globulin in the range of 0.9-1.0 
gm/dl and a serum uric acid of 12 mg/dl. Evaluation of the morphologic 
material confirmed the diagnosis of chronic lymphocytic leukemia. 

The patient \Vas started on prednisone and over the next 6 I.Jeeks 
had only trivial change in his peripheral hematologic values, but he had 
complete disappearance of all of his peripheral lymphadenopathy and a de
crease in his spleen size to 9 em beneath the costal margin. Possible 
therapeutic strategies were discussed IVith the patient a nd as the predni
sone was tapered to 30 mg/day high dose chlorambucil was added to his 
program on 5 June 1968. Over the next 5 months he had a pro gressive de
cline in his peripheral white count from the 200,000 to 250,000 range to 
approximately 50,000/~1. His hemoglobin ranged between 12 and 13 gms ; 
and platelets in the range of 100-150,000. 

It is noteworthy that in spite of decline in his peripheral 
circulating IVhite count spleen size actually increased; thus, by November 
1968 his spleen ~Vas once again felt 15 em beneath the left costal ma r gin 
and his peripheral lymphadenopathy recurred and were up to 2 em in the 
axillary and supraclavicular regions. Continued therapy led to progres
sive ·thrombocytopenia IVith little change in circulating lymphocyte level s . 
In light of these changes and the l imi tations posed by the thrombocy to
penia the chlorambucil was discontinued. Since the s trategy continued to 
be extended reduction in mass disease cyc lophosphamide \Vas institu t ed . 
Over the next 4 months he had a progressive decline in his white count to 
the range of 3-5,000 and a progressive emergence of polymorphonuclear 
leukocytes so that his per~pheral diffe rential count returned to a pattern 
that was within normal limits. His hemoglobin rose to 15 gm/d l, hemato
crit 45 vols% and his platelet~ 452,000/~1. Over the next few months 
there was a slow and progressive disappearance of aLl periphe ral lymph
adenopathy and a disappearance of the previously identifiable hepato
splenomegaly. By the sp ring of 1969 he had achieved a comp l ete hema to
logic remission with no evidence of ab normalities identifiable eithe r on 
physical examination or laboratory examination . 
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The complete remission was maintained for approxima tel y 4 yea rs. 
In the summer of 1973 he had an increase in his peripheral circulating 
lymphocytes as well as the development of some peripheral l ymph nodes and 
a palpable spleen. In late summer of tha t year he had a severe episode of 
herpes zoster that was treated with Ara-A. Subsequent to the episode of 
zoster he developed an abscess in his left groin due to Pseudomonas. 
Pseudomonas cellulitis and septicemia ensued and the patient died in late 
1973 secondary to the septic episode. 

3. Hs. H.: This 62-year old woman was first seen in the summer of 
1974 after splenomegaly had been identified by her family physician. Her 
clinical story was quite unremarkable except for a history of severe j oint 
pain and st~elling that had led to a longstanding diagnosis of rh euma t o id 
arthritis and extensive use of Butazolidin in the past. l<hen first seen 
she was asymptomatic except for pains in the small joints of her hand s and 
feet. Initial physical examination revealed no significant skin lesions 
or lymphadenopathy. Her spleen was palpable 8 em benea th the l ef t cos tal 
margin in the midclavicular line. Only s light evidence of synovial thick
ening was present in the proximal HT joints. 

Laboratory studies revealed a hemoglobin of 15 gms with a hemato
crit of 42 vols%. Her initial white count was 12,600 with 82% lymphoc y t es 
with large, hyperchromatic nuclei and prominent nucleoli evidenced on 
supravital stains. Her platelets were 190,000. The remainder of her lab
oratory findings t~ere within normal limits and bone marrow aspiration and 
biopsy revealed tha t approximately 90% of the marrow was replaced with 
cells of the same architectural type noted in the peripheral blood. Sur
face marker studies demonstrated bright f luorescence with evidence of both 
Igt1 and IgD markers on the cells. 

The patient remained asymptomatic and in a stable clinica l state 
over the next several months. In early 1975 she developed severe cons ti
tutional symptoms characterized by drenching night sweats and dail y feve rs 
ranging to 104°. Over the next several months she was ex tensively eva lu
ated at three separate medical centers in a sea rch for a potential mechanism 
(beyond her primary disease) for these constitutional findings . No spe
cific infectious mechanism was identified and the patient was treated at 
various centers with multi-agent therapy on the empirical consideration 
that an opportunistic infection was the cause of the symptoms . These at
tempts fai led to result in a reduction in the severity of her constitu
tional symp t oms . 

A trial of "thymic" (mediastinal) r ad iation resulted in a mode s t 
decline in her white count (range 8-12 , 000 with 75% l ymphoc ytes), a de
crease in her splenomegaly (to 4 em beneath the costal margin) and a 
disappearance of her fever and related symptoms for approximately 4 months. 
The recurrence of symptoms and the advent of progressive splenomegaly with 
a decline in hemoglobin to 10 gms/dl and an increase in her white count to 
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the 25-30,000 range (Hith 85% of the ce l ls as described) l ed to acd omi
nal exploration and e le c tive splenec corny . Follm,• ing her S?lenec t <':::y her 
symp tom complex a gain markedly decreased. After a feH mo nths o f c2spite 
the constitutional symptoms recurred and ~ere onlv sl ight !v affected bv 
seria l courses of multi-agent chemothera py administer ed a t a va ri ecy of 
medica l institutions in the Unit ed States . Although her svmptoms ~e re 
severe she '"as a stoic lady and functioned reasona bly nor:::ally ov <:r the 
subsequent 4 years in spite of her symptoms and the attempcs at t~era

peutic intervention. 

II. DIAGNOSTIC CRITERIA - CHRONIC LYMPHOCYTIC LE0KE~liA (C. L. L. ) : 

A. General Criteria of Diagnosis: 

Review of the literature is noteworthy in t he lac k o f s pe 
cific criteria for the diagnosis of chronic lymphocytic leukemia. In 
general most texts indicate that the diagnosis is easily :::ade and a loose 
requirement for 10,000 or 15,000 lymphocytes/~1 is genera ll y applied. 
Bone marroH ma terial has been considered "'optional"'; the "a pp r op r::. :ne"' 
diagnostic values have been reported to consist of a l ymphocytosis in ex
cess of 25 to 50% of the non-erythroid marroH nucleated cells. 

Recent clearer definitions of malignant 1)"-phoma and int er
est in B cell neoplasms have focused at t en tion on clearer cri teri a for the 
diagno~is of C.L.L. Rappaport has proposed that ad ults with greater than 
4,000 l ymphocy tes per microliter can be labeled C.L.L. (1). This level 
was based on the Stanford malignant lymphoma experience; neve rthe l ess, the 

- actual original expression was that: "'Relativelv arbitrary criteria "'ere 
used to distinguish patients with C.L.L. fro m patients with l ymphcma; 
that is, 1.) lymph node hist o lo gy of the diffuse, lymphocvtic we ] l diffe r
entiated t ype; 2.) peripheral lymphocytosis of 4,000 o r :::ore /u l; a nd 3 .) a 
bone marroH diffusely infiltrated with wel l diff e rentiated lymphocy t es . .. . 
no patient referred to the Stanford unit fulf ill ed these criteria'' (2) . 

More rational criteria can be genera t ed fr cm revi ews of the 
extended studies of "normal" populations (3, 4). In general, the da ta 
from such stud ies have provided "reference ranges"' of values (5). It is 
clear that lymphocyte numbers in adults have a non-Caucasian distribution 
a nd that the upper r ange of absolute lymphocy t e values in nb r mal ?O pula
tions is approxi ma tely 4, 500/~ 1. From these s t udies cri t eria can be posed 
for values in the adult [consistent wi t h ] that are "dia gnos tic o f C.L.L. : 

-Periphera l blood lymphocytosis in excess of 4,800 per J l. 

- Bone ma rrow lymphocytosis in exc ess of 25;; o f t he non - er::t hroid 
nucleated cell mass, when these are no t a ssocia ted wit ~ a 
lymphoid follicle and general ma rrow cellularit y is not de
creased. 
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At marginal absolute lymphocy te counts in the peripheral 
blood, it is assumed that counts on two or more occasions at least 24 
hours apart are obtained because some degree of cyclic variation occ ur s 
in lymphocyte traffic, albeit considerably less than that seen in granu
locyte members (6). 

The term C.L.L. as used in texts of medicine encompasses 
several separate clinical patterns. The current discuss ion will focus 
on: 

1.) Chronic lymphocytic leukemia- B cell type 
2.) Chronic l ymphocytic leukemia T cell type 
3.) Prolymphocytic leukemia 
4.) Lymphosarcoma leukemia (so-called "spill-over" 

leukemia) 

Other leukemic l ymphoproliferative lesions include acute 
lymphocytic leukemia and its variants, the leukemic phase of lymphoblastic 
(T cell) lymphoma, leukemic reticuloendotheliosis (LRE), and Sezary syn
drome; these separate topics will not be included in the present discu s
sion. 

B. "Leukemoid" Lymphocytic Reactions: 

An adult counterpart of the common pediatric finding of a 
"lymphocytic leukemoid reaction" is so rare that its potential i s often 
disregarded. Although such responses are uncommon in adults, the y have 
been described especially in the presence of chronic infectious gr anuloma
tous disease (7), and with other solid tumors (8, 9, 10). Bichel (10), 
for instance, described a patient (one of three similar cases) found to 
have a WBC of 250,000/~1 of which 88% were lymphocytes at the time of an 
initial diagnosis of adenocarcinoma of the stomach. The patient lived 6 
years post resection and his peripheral hematologic values paralleled the 
clinical activity of the gastric neoplas m; at autopsy no evidence of a 
lymphocytic neoplasm could be identified. 

III. THE "NATURAL" HISTORY OF C.L.L.: 

In the 100 years since Virchow's application of the term 
"leukemia" and his characterization that the l ymphoid mas s was the source 
for the lymphocytic type (11), we have made but trivial pr og ress. 

An oft quoted description by Gunz in 19 74 (12): 

"A typical patient with chronic lymphocytic l eukemia 
(C.L.L.) is a man, aged 55, who r ecen t ly noted an 
(or multiple) enlarged non-tender ce rvical l ymph node; 
he is otherwise quite well . Examination reveals gen
eralized lymphadenopathy and splenomegaly . Evaluation 



- 7 -

of his peripheral blood reveals a white blood 
count of 60,000/~1 and that 96% of the cells 
are small (mature) lymphocytes. Red cell and 
platelet values are normal. The bone marrow 
is diffusely infiltrated with the same cells 
seen in the peripheral blood. Biopsy of the 
lymph node reveals a diffuse well differentiated 
'lymphoma'." 

This description differs little from the formidable clinical revie\v 
by Minot and Isaacs 50 years ago (13) of 98 carefully studied cases of 
C.L.L. They defined C.L.L. as: 

1.) A disease of adulthood (>age 40) with peak incidence 45-65 
years. 

2.) Affects men about 3 times more frequently than women. 

3.) The insidious nature of the onset .of disease was hi ghlighted 
by evidence of a delay of 1.4 years between the first (re.trospective) symp
tom and the establishment of a diagnosis. Indeed, the average patient did 
not seek medical attention for his symptoms for approximately 6 months. 

4.) The average duration of the disease (expressed as the length 
of life after its onset) was 3.5 years. Presentation with C.L.L. below the 
age of 40 carried a somewhat shorter survival likelihood. 

5.) Therapeutic effectiveness (with radiation) was difficult to 
judge. Clearly it did provide a "detectable effect on the duration of life", 
since the treated patients had a survival of 3.45 years (compared to the 
"control" group of 3.5 years). Even more critical is the advice regarding 
caution in interpreting therapeutic adventures since: 

a. "In judging the effects of therapy one must recall that 
spontaneous remissions occur in C.L.L." [actually in 
about 5% of their cases]. 

b. "Remarkable decreases in lymph node size can occur in t he 
absence of therapy, although often only temporary." 
[in about 10% of their cases]. 

c. "WBC and spleen size also may fluctuate in the absence o f 
therapy. 

d. "Change in the height of the I-IBC is not a valid indicator 
of clinical benefit, since symptomatic improvement was 
not necessarily ass ociated with changes in peripheral 
counts." [They reduced the 1-/BC to "normal" in 60% of 
their cases by means of radiation, but no se l ective sur
vival advantage could be demonstrated in that group.] 

e. "The hemoglobin level and the platelet numbers serve as 
important criteria to adjudge the patient's condition. " 
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f. "Spleen s ize varies considerably during the course of 
the disease but bears no relationship t o t he s t ate 
of th~ patient , the condition of his bl ood or the 
future cours e of his disease, nor do t hese different 
factors necessarily fluctuate t oge ther . " [This may 
not be completely correct in a selec ted s ub- group 
wher e "hypersplenism" may be a factor in the patien t' s 
clinical state.] 

Helping set the ''Oncologic-Style" of unbridled therapeut ic optimism, 
Minot and Isaacs concluded: "The knowledge of today .. . will permit s till 
greater benefits from therapy in C.L .L . than in the pas t 10 yea r s !" 

In spite of our broadened understanding of certain c l in i cal issues in 
C.L.L. (e.g. immunoglobulin alterations and warm-antibody mediated hemolytic 
anemia), the advent of expanded therapeutic a pproaches (e . g . r adia tion, 
chemo therapy) and the immunologic explosion (e . g . antilymphocy te/antithyrno 
cyte globulin) survival trends for C.L.L. have changed but little (14) . 

IV. CLINICAL SPECTRUM OF C.L.L.: 

Although virtually every c linica l review of C.L.L . describes the 
clinical course as variable - "It is more variable in c linical f ea tures 
and natural history than a ny other form of l eukemia .. " (12) -the clinical 
manifestations can reasonably be projected from the alterations in func tion 
and/or structure of the lymphoid mass (15, 16, 17). 



- 9 -

TABLE I 

CLINICAL FINDINGS IN C.L.L. 

1. Symptoms and Findings Related to Altered Lymphocyte Function: 

Autoimmune hemolytic anemia (i.e. antibody mediated 
hemolytic anemia) 

~ Immunologic thrombocytopenic purpura (i.e. antibody 
mediated thrombocytopenia) 

- Immunoglobulin alterations (i.e. hypogammaglobulinemia 
[18, 19]; cryoglobulinemia [20, 21], monoclonal 
garnrnopathy [22])- [Every paraprotein class has been 
associated with C.L.L.] 

- "Opportunistic" infections 

Uncommon: 

- Vasculitis (primarily of skin); thyroiditis; Hikulicz
Sjogren syndrome 

2. Symptoms and Findings Related to "Infiltrative" Lesions: 

Common: 

- Hematopoietic changes (i.e. anemia, thrombocytopenia) 

- Skin lesions (7-10% of cases) 
(exfoliative erythroderm, nqdules, etc.) 

- Skeletal alterations (bone pain) 

Uncommon: 

- Pleural effusions 

- Orbital involvement 

- Meningeal involvement 

- Diffuse interst~tial pulmonary infiltration 

- Hepatic dysfunction 
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TABLE I (Continued) 

3. Symptoms and Findings Related to Lymphoid-Mass Change: 

Common: 

- Obstruction of G.U. system 

Spinal cord compression 

~ Hypersplenism (with -cytopenias) 

Uncommon: 

- Intestinal obstruction 

- Superior vena cava syndrome 

- Upper airway obstruction 

- Auditory nerve compression (tinnitus + deafness) 

- Splenic rupture 

4. Other Potential Clinical Features: 

- Generalized vaccinia or vaccinia gangrenosa 
(following smallpox vaccination) 

- Multifocal leukoencephalopathy (diffuse demyelination 
syndrome) 

- Acropachy (clubbing with symmetrical destruction o f 
terminal phalanges and edema of the overlying skin: 
allegedly "pathognomonic for C.L.L." [23)) 

- Phenomenon of the second primary neoplasm: 
Second primary neoplasms occur in patients with C.L.L. 

more frequently than can be accounted for by cha nce 
alone; it is second only to skin as a circumstance 
where the "second primary" phenomenon occurs ( 24) 

-Acquired von Willebrand's syndrome (bleeding responsive 
to cryoprecipitate ££ leukemic cy toreduction) 
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Another approach to the characterization of those clinical mani
festations in C.L.L. that can be considered significant is to consider 
the causes of death in patients with chronic lymphocytic leukemia: 

TABLE II 

CAUSES OF DEATH IN C.L.L. (25) 

Death related to C.L.L.: 

- due to infection 

- due to thrombocytopenia 

- due to meningeal involvement 

due to hemolytic anemia 

Deaths related to complications 
of therapy: 

Deaths unrelated t o C.L.L.: 

46% 

4% 

2% 

2% 

Percent 
54% 

16% 

30% 

100% 

The variable clinical symptoms and findings as well as the pattern 
of the survival curves led to many a tt empts to c l assify the patients, 
generally in terms of cell counts or patterns of morphology. The bio
logic value of "staging" for Hodgkin's and malignant lymphoma led to 
application of similar techniques to help charac t erize the significance 
of clinical findings. The signal app lication of such staging and co r
roboration of its clinical applicability was carried out by a consortium 
study (26) and this pattern of staging has now become standard : 
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TABLE III 

CLINICAL STAGING OF C.L.L. 

Lymphocytosis of blood and bone marrow - only 

" 

" plus lymphadenopathy 

" plus and 
splenic and/or hepatic enlargement 

plus anemia (Hb <11 g/dl; 
hematocrit <3 3 vol%) - [regardless 
of cause] 

plus thrombocytopenia 
(platelets < 100,000/~1) 

The criteria of lymphocytosis in this study were an absolute l ymphocyte 
count of 15,000/~1 and marrow lymphocytosis of >4 0%. 

In Stage II nodes may or may not be enlarged; similarly in Stage III and 
IV lymphadenopathy or hepatosplenomegaly may or may not be present without 
altering Stage. 

Such a staging approach has proved to be a reliable predictor of 
surviva~ and its application is beginning to help clarify previous thera
peutic adventures and a large literature on "issues in the clinical mani
festations of C.L.L."; validity of this type of staging has been amply 
corroborated in other recent applications (27, 28). 

Two potential or anticipated clinical issues in C.L.L. are so rare 
that they merit special comment: 

1.) Leukostasis: In virtually every form of leukemia except 
C.L.L. a biologic risk to survival exists when white cell counts are 
elevated. Indeed, physiologic impairment in the CNS and lungs is common 
with white counts in excess of 100, 000/IJl in all leukemias except C.L .L. 
(29). Leukostasis is so rare in C.L . L. that, as noted above, the level 
of the WBC is of no biologic/clinical significance . 
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2.) Acute leukemic transformation: Unlike the issue in 
chronic granulocytic leukemia where acute leukemic transformation i s a 
part of the natural history, the conversion of C.L.L. to an acute form 
is so rare that it merited report in the li terature. In one recent 
series of 189 patients, 3 conversions to acute leukemia were seen (16). 
Since overall survival in C.L .L. has not 'changed during recent decades 
and since a few (perhaps 1-2%) such conversions are now being seen, a 
very serious consideration expressed by most investigators is tha t the 
acute leukemia occurring in these patients actually represents a second 
neoplasm, perhaps the result of us e of therapeutic agents with carcino
genic potential, as we'll consider later. 

The composite of the clinical variation, the data from staging 
and survival, and the special issues in C.L .L. force the consideration 
that C.L.L. represents several forms of one disease, a disease entity 
with a variety of phases or that different subsets of cells (lymphocytes) 
a re the basis for the differences. In the pursuit of biologic definition 
of C.L.L. a varie t y of interesting observations (epidemiologic, biochemi
cal, pathophysiologic a nd immunologic) have slowly broadened our under
standing of C.L.L. 

V. EPIDEMIOLOGIC OBSERVATIONS: 

Although C.L.L. is the most frequent form of leukemia in the 
U.S. our data concerning etiology/epidemiology/demography are scanty . 

A. Demography: 

C.L.L. represents 25-40% of all cases of leukemia in 
most U.S. centers . Since C.L.L. is a disease of "later" life (>40) 
populations with a short life expectancy can be expected t o have a low 
incidence of C.L.L. Such age patterns have long been used to exp l a in 
the low incidence in the Far East (in India S-7 % and in Singapore Chinese 
2% of the leukemias are C.L.L.). Recent studies (30, 31) have doc umented 
that these differences are not merely age related but do relate to geo
graphic differences. Thus, where comparable age groups were evaluated the 
incidence of C.L.L. i s 7.3 times greater in Europeans than in Asia ns . 
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B. Familial Leukemia: 

In 1929 Dameshek r eported twin brother s (age 56) who 
died of C. L. L. within 68 days of one another; and 25 years later a son 
of one of the twins (at age 53) developed C.L .L. (32) . A compr ehensive 
study of hereditary factors in C.L . L. was reported by Videbaek in 
Denmark (33) who reported a familial incidence of 8 .1% among rela tives 
of 209 patients with C.L.L. (compared to incidence in a con trol group 
of 0.5%). Gunz et al. (34) s tudied 909 families with leukemia a nd 
noted: the di~ease in first-degree rela tives was 3 X tha t of the gen
eral population and even in distant rela tives it was increased by a 
factor of 2.3; consanguinit y did not appear to be a fac tor; no known 
laboratory parameter identified individuals a t risk; and, common envir
onmental exposures could not be found. Al though such fami l ial suscepti
bility has been proposed to be due to inheritance of a specific c l ass of 
lymphocytes (35), the actual data is only speculative a s to the genetic 
issues. 

C. Etiologic Studies : 

Radiation, an important e tiology for other l eukemias, 
is not a factor in C.L.L . Seria l evaluation in Japan by the Atomic Bomb 
Casualty Commission provided further evidence tha t the incidence of C.L.L. 
did not change in any population group (36, 37). 

Although no known env ironmental expos ure has been 
identified, it has been sugges ted by the evidence tha t although Japanese 
in the U.S. have a lower incidence of C.L .L. than non-Japanese, the in
cidence is still greater than that seen in J apanese i n Hawaii a nd both 
levels are much higher than on the Japanese mainland ( 30). Oth e r etio
logic/epidemiologic studies have not provided da ta of note in C. L.L. (38, 
39, 40). 

D. Chromosomal Abnormalities: 

Neither clonality nor chr omosomal abnormalities have 
been identified in C.L.L., primarily because of the paucit y o f mit o tic 
figures for s tudy. In 1962, Gunz described a Christchurch (Ch 1

) chromo 
some abnorma lity in C. L.L. in a New Zealand family that was seen in cul
tured skin cells and lymphocytes. It i s now c l ea r tha t this abno rmal it y 
is a familial constitution al one unrelated to C.L.L. (41). 

Current interest in B cell neop l asms have demonstrated 
14q+ marker chromosomes in many, and some evidence ex ists t ha t t his is 
true in C.L.L. as well (42). 
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VI . BIOCHEMICAL OBSERVATIONS: 

·In spite of the extensive evidence of heterogeneit y of C.L . L., 
the potential availability of large numbers of cells for study has pro
duced an extensive biochemical literature. Unfortunately, these are 
descriptive views of cell populations that are almost certainly all 
heterogenous in any given patient studied and probably reflect diff e r
en t percentage subse t populations when different patients are compared . 
In most circumstances, the changes have not been related to cellular di
vision (let alone neoplastic transformation), to the stage of cellular 
differentiation or to any other referable stable/standard criteria f or 
appropriate comparison. 

Some of the better biochemical parame ter s are recorded in 
Table IV. Attention to subset cellular populations is lacking even in 
the most curren t studies (52) . One observation has been variation in 
patient to patient (52). 

Another approach to cellular biochemical parameters has been 
to evaluate the effect of a therapeutic intervention in the categoriza
tion of potential subset populations or clinica l forms of C.L.L. In 
this laboratory, measurement of cellular ribonuclease activity a nd the 
response to steroid therapy s uggested one method to segregate patien t s 
into clinical s ubsets (53, 54) and this resulted in a means of iden ti fy
ing steroid responsive C.L.L. patients (53). 

Finally, . one other form of biochemical observation is begin
ning to provide a family of leukemic cell markers. A variant alka line 
phosphatase (now designated N-alkaline phosphatase) with unique proper
ties (unique catalytic properties a nd inhibition by cys t eine-S-phosphate) 
has been described in l ymphocytes rsola ted from 13 patients with C.L.L. 
(55). The basis for this c hange (i.e. synthesis of new protein, confor
mational change of the enzyme , altered subunit assembly, al l osteric e f 
fects, dissociation-association changes , or change in metal ion e ffect, 
e tc.) is not known. It is clear that the advent of this al'tered e nzyme 
is not due to high lymphocyte numbers, or a ltered D~A synthesis (55). 
It has not been seen in normal lymphocytes or mitogen stimulated "blast
transformed" cells. In addi tion, it has been reported in both B and T 
cell forms of C.L.L. 

VII. PATHOGENETIC OBSERVATIONS: 

The absence of impor t ant etiologic data in C.L .L. has l ed t o 
primary focus on potential "patho-mechanisms" of disease . 
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A. Lymphocyte Kinetics and Traffic: 

1. Proliferation kinetics: In mos t neoplastic lesions 
the question of the mechanism of mass (cell) expansion is r eso lved by 
the increased mitotic activity for that given tissue unit . That is, 
normal tissues show a progression to cellular "maturation" or "end 
cell type" that has a very low or absent mitotic rate . The failure of 
the neoplastic mass to achieve that "mature" cell functional state 
provides a continued increased mitotic rate for the tissue and usually 
a less differentiated or mature cell component. In C. L.L. the identi
fi~ble compartment is actually the matur e c~ll with a [presumed] l ow 
mitotic capaci t y. Thus, a long standing question in C. L. L. is the 
mechanism of expansion of the lymphocy te population . Virtually all of 
the studies of the proliferation kine tics in C.L .L. - antedate our kno~<l

edge of lymphocyte function, subset populations or even the va riant 
forms of C.L.L . and must be considered with caution. The available 
data indicates : 

- In untreated patients lymphocyte popul ation expan
sion has been found to be expressible as a straigh t line in a logari th
mic graph describing an exponential increase '•ith a constant doubling 
t i me of cells in each phase of disease (56) . Even after therapeutic 
intervention, the increases in cell numbers are lines of almost congru
ent steepness (57). 

- Calculated doubling times are between 4-19 months 
(16, 57). 

TABLE V 

LYMPHOCYTE KINETICS -NOR}~L VS CLL* 

Lymphocytes().Jl) 
Production ()11/day) 

"Short-lived" lymphocytes ()1 1) 
Production - short-lived t ype ()11/day) 
Average life span - short-lived typ e (days) 

"Long-lived" lymphocytes ( )1 1) 
Production - long-lived type ()11/d) 
Average life span - long-lived t ype (years) 

*(57. 58, 59) 

Normal C.L . L. 

2,200 100,000 
46 600 

200 5,000 
41 540 

6 5 

2,000 95 ,000 
5 60 
l 
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- The normal daily new production rate is 0.2-1% or 
300-1500 cells (59). 

- In C.L.L. lymphocyte production rates a r e increased 
15-fold (58, 59). Most of this increased production is due to the 
25-fold increase in production of "short-lived" l ymphocy tes. This 
shor t-lived lymphocyte population has a normal in vivo surviva l. A 
majo r contribution to the expanded l ymphocy te popula tion is due to 
the increased production (approximately 10-fold increase ) of "long
lived" lymphocytes and a 5-fold increase in the average life span (57 , 
58, 59). 

- The isotopic kinetic studies sugges t that the produc
tion of lymphocytes in bone marrow amounts to approximately one-third 
that of the lymph nodes (59). 

2. Circulation kinetics: Gowans and co-workers' (60) a nima l 
studies provide evidence of l ymphocy te "re-c irculation": 

- re-circulation path1vay is blood through ,,•h ite pulp of 
sp leen and back to blood; or blood into lymph node cortices and the n t o 
blood via efferent lymph circulation; or from blood to tissues and then 
back by afferent lymph circulation. 

- Normally , the extravascular readil y access ible poo l 
(RALP) is 25-fold that of the intravascular pool. In C.L.L. there is 
a shift to the intravascular compartment, so that the RALP is only 3-5 
times greater than the intravascular pool (61, 62) . 

- recirculating cell s s how normal B and T ce ll pa tt e rn/ 
function (63). The change in pools in C.L .L. has been considered to 
be due to an al t ered ability to leave the vascular sys tem and re
circulate (57). The ability to re-ci rc u ~a te has been considered to be 
a cell s urface property (62). 

Thus, in general terms C. L. L. ha s been shown t o be associated 
with increased proliferation of (at l east) certain subse ts of cells, 
with cellula r accumulation that may be due to such s hifts in popula
tions and with alterations in vascular-tissue traffic. 

B. The "Norphology" of C.L.L.: 

Neoplas tic l es i ons are usually identified by well defined 
morphologic cri t eria (orga n, cellular, a nd /o r s ubcellula r). The app li
ca tion of "morphologic study" to C.L.L. has r esult ed in a lit e r a tur e 
about the "malignant l ymphocy te", .a nd mos t clinica l and/or pa tho l ogic 
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reviews tried to use the lymphocyte as the star t ing point. The prob
lems associated with such an approach nea tly is shown by a review of 
190 cases from the University of Michigan by Frank Be thell who con
cluded tha.t the morphological/architectural changes of the l ymphocy t es 
documented the true leukemic status of C.L.L. (64); in a back-to-hack 
report, Bruce \Hseman reviewed 66 similar cases from Ohio State and 
"demonstrated" tha t C.L.L. was not a neoplas tic disease but was a me ta
bolic one (65). ·The frustratingfeature of the pursuit of the "morpho
logic" lesion of C. L.L . has been the limited structural expression of 
the lymphocyte, the variety of clinical patte rns a nd the lack of cor re
lation of structure and function (66, 67, 68). The recent knowled ge of 
l ymphocyte function has provided the evidence that the mature (appear
ing) lymphocyte is really part of a functiona lly heterogenous popula
tion. 

Although no morphologic description presently defines the b i o l og i c 
expression and variability of "C.L.L.", the newer knmvledge of lympho
cyte function and traffic has been used to provide a more rationa l ap 
proach to structural characterization. The generalities used to begin 
this morphologic re-definition are: 

- zonal tissue areas are identifiable in l ymphoid tissues 
in which T or B cells are concentrated: B cell zones are the lymphoid 
follicle (including the germinal center a nd its peripheral mantle) and 
the medullary cord areas. T cell zones are the interfollicular or para
cortical sites. 

- the pattern of B cell response to antigen can reasonabl y 
be inferred to consist of a (cleaving-type) a lteration ~n shape and an 
increase in size: The proposed sequence is the l ymphoc y te ~ small 
cleaved ~ large cleaved ~ small non-cleaved + large non-cleaved cell . 
Cell division is at non-c leaved stage and the cells then migrate to 
medullary areas where differentiation to mature plasma cells takes place. 

the germinal center provides the cellular amplification 
needed for t·he "antigen- activated" B cell. 

Albeit slightly circular, C. L.L. has been used as the model to 
support the "new morphology" by the finding in this disease of mature 
lymphocytes, monoclonal s urface immunoglobulins. 

The his tology of the nodal ti ssue in C.L.L. is classically that of 
a diffuse well-differentiated [lymphoma] (1). Unfortunately, . the "new 
morphology" must still acknowledge the following problems : 

1 . Although diffuse well differentiated lymphoma (WDL) is t he 
tissue manif es tation of C.L . L., WDL may exis t as a distinct fo rm of non
Hodgkins lymphoma or as a monoclonal gammopa thy us uall y of the Ig~l t ype 
(i . e. macroglobulinemia), in the absence of C.L . L. (1). 
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2. In some patients th e ti ssue morpholo gy has been c la ssi 
fied not as \IDL but as intermediate cell t ype (70). Aga in, not a ll 
intermediate (lymphocytic l ymphoma) cell for ms are associa t ed with 
C.L . L . a nd when classified only on cellular a r chitec ture ther e does 
not appear to be a biologic diff er ence i n thi s pat t ern . When the tis
s ue mitotic ac tivity is used as the c r i tical "morpholog i c " c r iteria of 
this intermedia te cell t ype and lvhen it exceeds 30 mitotic f i gures per 
20 high power f i elds , this morphologic variant has a poor prognosis (70) . 
This latter s t a temen t a pplies to those with o r without C.L.L . ! 

3 . j\fuen the morphologic pat t erns and varia nt s a r e classified 
by standa rd light microscopy methods, little agreement can be fo und re
garding the relationship of morphology t o clinical course or sur viva l 
(13, 71, 72 , 73) . It has been suggested that the ratio of the percen t
age bone marrow space occ upied by lymphatic tis s ue (in sect i on) to the 
a bsolute peripheral blood lymphocyte co unt relates t o su r v iva l (72); 
others have not corroborated t ha t typ e of tissue pa tt e rn (73). 

4 . In addition, t wo separa t e facets of "tiss ue incons t ancy" 
must be clarified : 

a . ) The advent of a s uperimposed or second hematopoietic 
neopla sm, such as acute leukemia (74, 75, 76, 77, 78) o r Hodgkins (79) 
has posed confusion. As mentioned a bove, all of the c urrent evidence 
is compatible with the advent of the second lesion by the same carcino
genic influences which affec t the general population; that is, these 
appear to be separate maligna nt processes unr elated to the C.L.L. 

b . ) Rich t e r' s syndrome : In 1928, Richter described a 46-
year old man IYith a classical pic ture of C. L. L. ( SBC of 98 , 400 hJl) . 
With little explana tion, the patient s uddenly IYad a r a pidly progressive 
course a nd at autopsy tiYO di ffe rent l esions wer e noted : those with \,f])L 
and a second more primitive involvement of l ymphoid t issue l abe l ed 
reticulum cell sarcoma (-60) . This "t issue incons t a ncy" has been exten
sively revieiVed (66, 81, 82 , 83 ) a nd many of t hese cases have in th e 
past been incorrectly called Hod gk ins d i sease o r histiocy tic l ymphomn . 

TABLE VI 

FEATURES OF RICHTER '.S SY:-IDROHE 

1. Initia l presentation of C.L.L . 

2. Rapid onset (1Yithout clinica l cause) of co nstitutional 
symp t oms, weight l oss , l ocalized l)Tiphadenopathy, l ympho
cy topenia and abnormal i mm unoglobul ins in se rum or urine . 

3. Hi s t ologic evidence of both WD L (or a C.L.L. compatible 
les ion) a nd a pleomorphic mali gnant l ymphoma with promi
nent multinuclea te tumo r cells . 
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The demographic data, clinical co urse and therap y responsive ness 
have c learly shown that Richter ' s is not a transitional form to Hod gkins 
or other heretofore defined lymphoma (81, 82, 83). The ce ll-;:;lar incon
stancy in lymphoid neoplasms has been ext ensively reviewed . In autopsy 
series of malignant lesions of the lymphoid system , 30% of cases ma y 
show such incons tancy; even in a current clinical series Kim and 
Dorfman had a 16% incidence of such inconstancy that it led to the term 
"composi t e" l ymphoma. The mechanisms for such composite lesions are 
speculative. In C.L.L. some a uthor s (82) have compared the development 
of Richter ' s to the "blast transformation" of chronic granu l ocytic 
leukemia. 

5. Finally, the concept of "spill-over" leukemia in the malig
nant lymphomas must be clarified . In 1937, Isaacs utilized the term 
"lymphosarcoma cell leukemia" to describe the circumstance in the "nat
ural history of a malignant lymphoma " when a leukemic phase 1oas seen (84). 
As he pointed out, Sternberg had sugges t ed this in 1908 to help define 
the hematologic extension of poorly differentiated l ymphoma. Suc h a 
(late or termina l) leukemia transformation has been seen in 10-20% of 
all carefully studied large series of patien ts with malignant -l ymp homa 
(85, 86, 87, 88) . Al though Isaacs suggested nucleolar changes on supra 
vital staining as the "morphologic marker" (84), the greatest success at 
identification has been wh e re the c l eaved cell pattern (of t iss u e sec 
tions) is seen in the peripheral blood . · In essence, this diagnosi s is 
best made in the set ting of exis t ent lymphoma. The appe lation "spill-over" 
leukemia is a recent re-emphasis of th is pattern, in order to dissociate 
these events from the attempts of Linman a nd co-workers to ca t egorize a 
large subse t of C . L,L. patients as chronic lymphosarcoma leuKemia (69, 
89). Little c linical , laboratory or biologic data exists for the Linma n 
proposal and it should be dropped . 

C . Functional Al t era tions in Lymphocytes: 

The r apidly exploding knowled ge of lymphocyte function has 
provided a parameter of compara tive reference for the cells found in pa 
tients with C .L. L . and has provided a n importan t approach to recogni z ing 
and charac t erizing the comp l ex cellular populations involved and provid 
ing t echniques for exp l orat ion of cellular differentiation in the 
l ymphoid system : 

1 . Lessons from immunobiolo gy relevant to C. L.L.: 

a.) Evidence of decreased mitogen r esponsive ness 
(dimini•hed rate and delayed time course) of cellular transformatio n 
(90, 91); those blasts produced are no different tha n those produc e d 
from cells isolated from norma l individuals (92) . Tha t this altered 
responsiveness is not just due to different cellular popula t ions (see 
be l ow) but may represent a trul y altered membrane is suggested by defec 
tive responsiveness to pokeweed s timula tion, a B ce ll s timulant (93) . 
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b.) The identification of functional classes of 
lymphocytes (94) was promptly followed by the evidence that C.L.L. was 
(primarily) a B cell disease since immunoglobulin could be identified 
on the surface of the lymphocytes (95). Although the percentage of 
immunoglobulin-positive cells did not correlate with the degree of 
lymphocytosis or stage of the diseas e, the characterization of the s ur
face immunoglobulins (Sig) and other surface recep tors has provided 
evidence of clonality in C.L.L. and these moieties have become the 
probes for studying differentiation (94, 96, 97) and have yielded: 

1.) The majority of lymphocytes in patients 
with C.L.L. have surface binding sites for markers of B cells (cell 
surface immunoglobulins, aggregated IgG, and immunocompl ement complexes). 

2.) Differences from normal l ymphocy tes exist; 
for instance, the phenomenon of "cap formation" (a polar redistribution 
of receptors on the outer membrane) is absent in C.L.L. (98). 

3.) Most cases of C.L.L. have IgM and/or IgD on 
the surface of the lymphocytes, with a s ingle light chain type (i.e. K 

or A) . Other patterns have been seen: Ig retained as intracytoplasmic 
crystals (99), or light chain inclusions (100). 

4.) In patients wi th C.L.L., a small percentage 
of normal B cells are present (101) helping explain why agammaglobulin
emia rarely occurs. Similarly, a small normal T cell population also 
appears to exist in C.L.L. (102). These normal populations may be cr iti
cal in modulating the severity of the clinical expression in C.L.L. 

5.) Preliminary observations of Sig suggest some 
clinical prognostic relevanc e to the identified surface membrane ma rke r: 

TABLE VII 

SURFACE Ig AND CLINICAL FINDINGS 

Sig-G: occurs rarely; commonl y associated wi th more 
aggressive disease. 

Sig-M and Sig-D: most common; "classica l" C.L.L. 

SigM: rare; associated with more benign c linica l co urse 
( 103) . 
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2. Identifica tion of l ymphocy t e population s ubse t s: 

It i s c lear that a varie t y of lymphocy t e pc?ula
tions exist . Important c l ass subpopulations a re nmv knmm as well a s a 
heterogenous third population ( "null") of lymphocytes (104, 105). That 
such subpopulations are identifiable in C. L.L . is now c l ea r (106, 107 , 
108, 109). In some circumstances sel ec ted therapeutic i n tervention , 
such as glucocorticoid effects on T cel l s ubpop ula tions (110), has bee n 
exploited in tpe characterization of cel l s ubs e ts. The pr eliminary 
da ta to date has not afforded enough informa tion to comment on the 
clinical importance of s uch s ubp opula tion s tudies (111). 

3 . Lymphocy te diff erentiation: 

The s tudies of Vitet t a a nd Uh r ( 11 2) provided 
important recognition of the existence of lymphoid differ entia ti on ma r k
ers . Indeed, the sequence of cellula r differentiation and matura ~ ion 

has been extensively defined in the mouse (112). Although the corol
laries are expected in man (113), t o da te the data is too scanty to pr o
vide anymore than mere speculation . Admittedly, one way to explain some 
of the variation in the f orms of C. L.L. would be in relationship to de
grees of differentia tion. Studies of the effectors of l ymphoid differ
entiation (114) suggest tha t the lymphoid mass is a marvelous expe ri
mental model because many factors affec t differentiation "in vi tro"; un
for tunately , the "in vivo" correlates a re scanty . 

4. Cellula r popula tion analysis: 

A major adva nce of the past few years has been the 
development of techniques making it possible t o isolate individual ce ll s 
from hetero geneous populations. The most significant advance in th is r e 
gard is the development of the Fluorescent Ac tivated Ce ll Sorter (FACS) 
which provides a unique opportunity to a na l yze he t e r ogeneous pop ula ti ons 
of cells according to the ir op tica l pr operties and then mecha nically 
separate individua l cells from tha t t o t a l population for further se l ec t ed 
study (115). The FACS t echnology has provid ed r ema rkab le speed hJv ing 
the capa bility of processing 100,000 cel l s per second, 3S well as phe nom
ena l sensitivity due to its l aser op tics whic h pr ovide a pure spe~t ra l 

stimulation . The system can be used with a variety of fluoresc en t a nti
sera tha t al l ow the recognition of selec t ed e l ement s on t he cell su rface. 
The abili ty, then , to sort, separa t e a nd isolate individ ual cel ls f r om a 
population of cells permits detailed investiga tion of a se l ected compo
nent of a n otherwise heterogeneou s cellu l a r population. The individ ual 
isolated cells can then be s tudied further for va rious aspec ts of t hei r 
f unc tional capacity . 

The ab il ity t o a na l yze , sor t a nd sepa r a t e cellular pop ulations by 
these t echniques of ligh t sca tt e r a nd fluorescence pe r mi ts a wi de va rie t v 
o f applications . For in s t a nce , i n addi tion t o the a nalvsis and se pa rat i on 
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of lymphocy te subpopulations according to their immunologic funct ion 
that we will presently describe, the same techniques can be used for 
cell-cycle analysis by the measurement of fluorescently labeled DNA, RNA 
or protein; characterization and measureme~t of a varie t y of intracellu
lar enzymes; analysis and sorting of individual chromosomes; s tudies of 
circumstances of selec ted lectin binding; charac ter iza tion and enumera
tion of live cell/d~ad cell populations; or , specialized studies of the 
ce llular immune response. 

Since the cell sorters are equipped with the potential for multi
unit analysis, ·the FACS can identify individua l markers of different 
t ypes and analyze them at the same time. In essence, this technology 
provides a new approach to a multi-dimensional picture of a given cellu
lar population. The result of such a s tud y of multiple cellular compo 
nents is a rapid definition of the "fingerprint" of that given cell or 

' subset population. 

VIII. CLINICAL FORMS OF C.L.L.: 

The reco gnition of different lymphocyte populations has aided 
the use of c linical, hematologic and immunologic definition of the c lini
cal forms of C.L.L. Four major leukemic forms can be defined as va ria nt s 
of C.L.L. with the current data : 

- B cell C.L.L. (classical C. L.L.) 
- T cell C.L.L. 
- Pro l ymphocytic l eukemia 
- Lymphosarcoma (or " s pill~over") l eukemia 

Some of the important c linical features are s hown in Table VIII . Al t~ough 

initially the T cell variant was considered actually to be expressed as a 
c utaneous for m of disease, i t is now quite c l ear from the brilliant s tudies 
of Broue t and co-workers (116) that a rather typica l c linical picture of 
T cell C.L.L. exists (117, 118 , 119, 120). The l ymphocytes tha t cha r acter
ize the T cell lesions are large, very uniform with considerable cytoplasm 
and contain large numbe r s of prominen t az urophilic granules . Although a 
c linica l rela tionship to Sezary's has been consider ed , the cyto l ogy a nd 
ultrastructure are dif fe r ent (116, 120). A hi gh cont ent o f 8- gl ucuronidase 
and acid phosphatase i s s een in great e r than 90% of the peripheral blood 
lymphocy te s (116). Blood and bone marrow i nvolvemen t a r e gene r ally modes t ; 
for instance, most patients have had only 30-70% l ymphoid cells in bone 
marrow specimens. 
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Lymphocytes 

Immunolo gic 
markers 

Serum/urine 
proteins 

Response to 
cytoreductive 

therapy 

Survival 
(median) 
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TABLE VIII 

FEATURES OF THE CHRONIC LYMPHOCYTIC LEUKEHIC FORMS 

B Cell 
C.L.L. 

Rare <40 

2:1 

Ul}common 
(20%) 

Common; 
l arge 

Common 

Frequent 

Rare 

Lat e in 
course 

Variable 

Mature; some 
heterogeneity 

B cell, esp . 
IgM-IgD 

T Cell 
C.L.L. 

All ages 

1:1 

Uncommon 

Rar e 
& small 

Rare 

Usually 
massive 

Common 

Common 

Usually 
3-50,000 

Very uniform; 
l a r ge cyto
plasm & azuro
philic granules 

T cell 

Hypogammaglob. Polyclonal-
:::25% gammopathy 

M spike 
:::10-15% 

Very 
good 

3 1/2 yea rs 

common 

Good 

Variable 
(like B cell) 

Prolymphocytic 
Leukemia 

Rare <60 

7:1 

All 
(100%) 

Rare 

Not seen 

Usually ver y 
massive 

Ra re 

All 

Usually 
>200,000 

La rge, fine 
c.hromatin, 
large nucleo
lus 

Both B and T 
cel l forms ; B 
cells often 
intense Slg 

Norma l 

Po or 

4- 5 month s 

Lymphosarcoma 
(Spill-over) 

Leukemia 

All 

1: l 

Co mmo n 
(>90%) 

Common 

Common 

Common; 
modest 

Rare 

Common 

Usually 
10-50,000 

Frequent 
"cle3ved

forms11 

B cell ; 
-Int ens e Slg 
-cap fo rmation 

Good ; of t en 
transient 

Va riable 
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Another variant group was termed "prolymphocytic" C.L.L . by 
Galton, Catovsky and their co- wo rkers (121, 12 2 , 1 23 , 1 24 , 125). Clini
cally these patients appear with constitutional symptoms that suggest 
a "subacute" leukemia . They are elderly males with massive splenomegaly 
and very high white counts, cytocellular histologic features that help 
in diagnosis. Their median survival is short (17 weeks) and only 5 of 
the initial 15 survived one year (121). Recent therapeutic trials have 
reaffirmed a relatively modest response to the usual therapeutic approaches 
for leukemia, including splenic radiation. By contrast, good responses 
have been reported with leukapheresis and with splenectomy (124, 125). 

Finally,-' the recent studies of surface markers have helped reaffirm 
the classical concept of lymphosarcoma cell leukemia previously dis
cussed as a leukemic phase in a pat i ent with a previously diagnosed malig
nant lymphoma (126, 127, 128). The laboratory features of very intense 
fluorescence when the lymphocytes are stained with the fluorescein-labeled 
anti-immunoglobulin and cap formation during incubation help separate 
these cases from c lassica l B cell C.L .L. (128) . 

Th~ definition and c haracterization of these clinical forms provides 
a n updated and helpful "working approach" to the patient problems . The 
same ques tions continue to exist: - Ar e these leukemic lesions simply the 
expressions of an arrested sequence of differentiation (e . g. from l ymphoid 
precursor~ lymphocyte~ plasma cell, for instance); are the lesions 
simply defects in differentiation (129, 130)? 

- If the lesions are ar r es t s of the differentiation sequence, 
might one expect C.L.L. to be a more common terminal event in patients 
with malignant plasma cell dyscrasias? Its rarity merited the recent first 
such case(l31). 

- Are all of these neoplastic lesion s (including the related 
lymphomas) simply just phases of a single disease (6)? 

-Does the "composite" l esion, Richter's sy~drome, the occasional 
acute leukemic event and similar changes indicate that the "C. L. L ." event 
is only a tissue response to the primary evolving "truly malignant lesion"? 

These questions and a variety of extensions have not been answered 
by the recent findings described above. Indeed, no one model of disease 
adequa tely answers the questions posed by the clinical and laboratory events 
in C.L.L. and its variant expressions. 
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IX. THERAPEUTIC APPROACHES AND STRATEGIES: 

Comparison of C.L.L. survival data from the 1920 ' s (13) to 
the current era (26, 132) reveals a "5-year survival f r action of 55%" 
and suggests that our contemporary modes of therapeutic i ntervention 
have not affected the natural history of C.L.L. The relative benignity 
of C.L.L. (as leukemias go) and the occasional " spontaneo us" cure (133) 
notwithstanding, when one evaluates patient survival by stage of dis
ease (26) or in some of the cl inical forms (i . e . prolymphocytic l euke
mia) it is clear that altered therapeutic strategies are needed. Tra
ditionally the -indolent cases of C.L.L . have not been treated; thos e 
with symp t oms or advancing cel l burdens have been treat ed with the cyto
reduction measures available or in vogue during that era, as shown in 
Table VIII . 

In most of the therapeutic trials the clinical stage of the 
patient is not def'ined . In virtually none of the trials is the form of 
C.L.L. characterized . In most studies the int ervals used to calculate 
survival are not clear (i . e. from onset of symptoms, first clinical 
visit, initia l diagnosis, institution of therapy, etc . ) and the popula
tions are very heterogeneous (134). Finally, no C.L.L . uses appropriate 
clinical trial design and analysis methodology-cl35, 136) . 

The therapeutic trials to date can be categorized as fol lows: 

A. Radiation : 

Historically, radiation therapy was the initial mode 
of treatment for C.L.L., and as the technology of radiation delivery ad 
vanced so too did the therapeutic tr ials: 

1. Total Body Irradiation (TBI): 

a.) Classical trials are represented by the 
del Rega to series of 61 patients extending f rom 1943-1969 (137). Treat
ment series : 10 daily irradiations of lOr; one weekly irradiation of 
5r; regional irradiation of spleen or lymph nodes as required; an annua l 
"booster" of 10 daily irradiations of lOr. 

b.) Current TBI has been "re-pioneered " by 
Johnson and co-workers during his t enure at NCI (138). Fractionated 
therapy: 5-10 rads per day (3-5 X per week) to 200-400 total dose. 
This series is unique in that 33% of patients achieved a complete remis 
sion and in this group 65% of patients were alive at 6 yea rs. 

2. Total Body Radiation with Radiophospho rus: 

a.) John Lawrence introduced artificially 
produced radioactive phosphorus ( 32 P) for the treatment of chronic leuke
mia in 1936 and his first clinical results were reported in 1940 (139) . 
His series (1936-1960) included 161 patients treated with 4 to 6 injec
tions at weekly intervals to a total dose of 3 to 8 millicur ies (140) . 
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b.) Edwin Osgood fractionated 32 P therap y 
and treated 212 cases of C.L.L. using approximately 2 mil licuries (de
pending on initial WBC) for induction and then 0.3 to 1 .0 me fo r main
tenance at 4 to 12-week intervals (141). A good median s urvival was 
achieved, but induction of a compl.ete remission 1'as not a therapeutic 
criterion. 

c.) Joe Hill at Wadley used 32 P in a col
loidal suspension (colloidal zirconyl phosphate) in the treatment of 
C.L.L.; a very _,long median survival was achieved (90 months), but only 
13 of the 97 patients were treated with 32 P alone (142). 

3. Local Radiation: 

a.) Splenic irradiation has generally been 
used for "symptomatic" splenomegaly. A recent evaluation (143) of its 
systemic effect was carried out in 14 patients treated l<ith sp lenic mid
plane doses of 200-1750 rads (over 3-14 days), usually 300-450 rads 
given in 2 or 3 fractions of 150 over 3 to 8 days. The patients had a 
long average interval from the onset of C.L.L. to their r adiation (38 
months). As expected, they had an excellent local response (decrease 
in pain and spleen size). In addition, in ll of 23 courses of radiation 
in this group a 75% or greater reduction in circulating white count 1'a s 
achieved. The duration of clinical responses was quite variable but an 
average of approximately 18 months' stability was achieved (143). 

b.) Thymic irradiation has been under study 
by a Winston-Salem group since 1963 (144) using 3000 r ads to mid-plane 
mediastinum through anterior and posterior ports over a 4-week pe riod, 
4 times per week. They have classified their responses according to 
clinical stage of disease and obtained a n overall "full remission rate" 
(a term used in place of CR because marrow repair was not recorded) of 
40% (145) . The number of patients in eac h s ta ge is too s mall for a 
meaningful determination of effect on survival. That this was a sympto
matic group is suggested by the need for f urthe r therapy in mo"st patients 
within 2 years; nevertheless, 8 (of 40) patients required no other ther
apy for periods of 28 months to 13 years (145). Other trials have not 
been so positive. Sawitsky treated 31 patients (146) and achieved onl y 
transient responses in about one-half the cases. 

B. Leukapheresis: 

Cytoreduction by cell removal has not been ex t ensively 
applied (147). Since lymphocytes are more buoyant than PHN's, l e uka 
pheresis is a very efficient way to remove l ymphocytes, with collec tion 
efficiency of 60% (compared to 30% for P~!N's). In most patients s tudied, 
cellular removal was assoc iated with decrease in mass disease and cl inical 
stability (147). Long term studies are not ye t available. As mentioned 
above, the European experience suggests that cell separation is the 
preferable approach in prolymphocytic leukemia. 
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C. Adrenal Corticosteroids: 

The application of ad r ena l corticosteroids to lymphoid 
neoplasms in man occurred after the observed decrease in lymphoid ~ass 
in animals (148). Careful clinical trials were not performed, but the 
early evidence (130) of an improved sense of well-being and a decrease 
in the severity of the warm antibody hemol y tic a nemi a were commonly ob
served (149). In a long term study a t Roswell Park (150) the inabili t y 
to induce complete remissions and the transient na ture of the clinical 
responses were confirmed . In general, steroid therapy (usually in daily 
doses of 20-60 ' mg prednisone-equivalents per day) r esults in: 

- Increase in sense of well being; improved appetite; 
loss of constitutional symp t oms . 

- Generally (approximately 80%) a marked decrease in 
lymphoid mass, especially spleen but also lymph nodes. 

- Increase in hemoglobin/hematocrit values . 

- Increase in platelet counts. 

Decrease in existent warm antibody hemolytic anemia . 

An unexplained finding in about thr ee-quarters of pa 
tients is an abrupt rise in circulating l ymphocytes. This discordant 
effect (decrease in mass disease and an increase in ci r c ulating lympho
cy tes) has been considered to be a redi s tribution effect . Abundant ev i
dence (130) proved this to be incorrect, although the mechanism fo r the 
increased "leukemic" response in the blood is not known. All of the 
studies demonstrate that as a "single agent" form of lympholytic theri!py 
the responses are not durable in tha t 70% of cases had evidence oi re
crudescence of findings within 4 weeks of stopping th erapy (149, 150) . 

Finally, it should be noted tha t high dose, one -time
per week steroid therapy has been successfully used in patients who have 
become refrac tory to all o ther agents and/or modes of therapy (151). 

D. Cytotoxic Agents: 

1.) Alkylating Agents : Every alkylating agent developed 
has been used to treat patients with C.L.L. and "response rates " fo r 
single agents have been between 40- 80% (134, 152) . Th is extensive litera
ture has been reviewed (134, 152) a nd in genera l: 
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response rates of 40-80% are in part due to different 
criteria of "response". 

chlorambucil, first introduced in 1952, is the most 
commonly used oral alkyla ting agent with cyclophos
phamide a close second in the U. S . Chlorambucil 
response rate (60%) ~ be higher than that of 
cyclophosphamide (45%). 

- complete remission rates are at best 10% . Thi s may 
be increased to nearly 20% when combined with adrenal 
steroids (153). 

- other alkylating agents are capable of cytoreduction, 
but appear to be l ess effective and have a higher 
degree of t oxicity (e . g . long l as ting platelet t ox i
city with busulfan [Myleran]). 

- no evidence exists that the two plus decades of a lkylat
ing agent therapy has affected the s urvival da ta in 
C. L. L.; most agree that the "quality of life" is bet 
ter (154). 

2.) Combination Chemotherapy: 

Most of the combina tion trials to date have employed 
an alkylating agent (usually chlorambucil or cyclophosphamide) plus pred 
nisone which appears to increase slightly the CR rate . 

a . CVP (Cytoxan-Vincristine-Predni sone): In one se ries 
of 36 patients carefully-;taged a 44% CR was achieved wi th: 

Cytoxan: 
Vincristine: 
Prednisone : 

400 mg/M 2 /d (0) day 1-5 
2 mg I.V. day 5 

100 mg/M2 ~0) day 1-5 

- re-treatment q . • 3 tveeks until maximum response (usually 8 
courses); following this induction, CR were re-treated q . 6 weeks for main
tenance; partia l responders were continued on above to toxicity o r CR. Al 
though this is a small series, patients were carefully s taged pre and post 
therapy and remission criteria were unambiguous. Median survival has not 
been reached but actuarial s urvival curves reveal: 

1. a clear survival difference between re s ponders and non-r esponders. 
2. actuaria l projection of prolonged survival in the complete 

responders. 
3 . Finally, these studies are particularly important because they 

provide clear evidence that the induc tion of a complete r emission 
in C.L .L. is possible and that s uch an even t has surviva l advan
tage. 
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b. Other combinations appear to be simila rly effec
tive but have been used in more limited trials: 

1 . Multiple Al kyla ting Agent Program: 

BCNU:· 
Cytoxan: 
Melphalan: 
Prednisone: 

0 . 5 mg/kg I. V. 
10 mg/kg I. V. 

0.25 mg/kg/d, (0), 
1 mg/kg/d, (0), 

day 1 
day 1 
day 1,2, 3 
day 1-7 . 

2. Cyclopho sphamine- Cytosine Arabinos i de : 

Each drug 37.5 mg/M 2 I.V . q . 12 hour s 

for 4 days 

Then cou r ses repeated q. 21 days. 

E. Selected Ther apeutic Problems and I ss ues: 

1.) Hypogammaglobulinemia (156) 

2.) Anemia/Thrombocy t openia: The differential diagnosis of 
either or both of these ca n be approac hed in rational sequence : 

a. Blood loss 
b . Immunolog i cally mediated increased destruc tion: 

- a utoimmune hemo l ytic a nemia 
- immunolo gi c thrombocy top enic purpura 

c. Ineffective hematopoiesis - pr imar il y secondarv to 
nutritional dep r ivation (especia lly fo l ate) 

d. Enla r ged sp l en i c pool - hyper s ple nism (157 ) 
e. Narrow replacement by the expand i ng pr o l ifere~tive 

l eukemic cell popula tion 
f. Narrow injury seconda r y to the r3peutic inte rv en tion 

A resurgen ce of interes t in splenectomy (157, 158 , 159) has age~ in 

demonstrated that the best r esult s occ ur in ci r c ums t ances of 3 c l ea rl y ex
panded pool especially when se lective sp l en i c seq uestra tion (splee n t o 
liver ratios of 2 . 4: 1 or gr ea ter) can be demons trat ed by some t ec hn iq ue o f 
trapp i ng of radiolabe led ce lls. 
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3 . ) Specific Endogenous Mitotic Inhibitors (Chalone) of 
Lymphocy tes and/or Antithymocy te Antiglobul in: 

no significant therapeutic promise (160, 161 , 
162) 

X. FUTURE THERAPEUTIC APPROACHES: 

B ceJl neoplasms provide an interesting model for therapeutic 
intervention, since they are monoclonal and bear surface immunoglobulin 
(Sig) that is not secreted as a paraprotein . In expressing the Slg a ll of 
the cells of the tumor have the same cons tant a nd va riab le regions of both 
the heavy and light chains. The variabl e region of the Sig provides th e 
tumor cells a degree of uniqueness, since this marker is present on only a 
limited number of normal cells but on a ll the cells of the expanded (clone) 
tumor population. Indeed, the variable r eg ion provides the marker or 
idiotype that is its own "fingerprint". The ab ility t o produce a highly 
specific anti-idiotypic antisera by the use of the hybridoma provides a 
heretofore unavailable specific "immunodes tructive therapeutic moda lity". 
That such approaches are possible in selected experimental systems (163) is 
now clear. In addition, such an immunotherapeutic approach has " c ured" a 
murine B cell leukemia model that closely simulates C. L. L. in man (164). · 
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