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Elevated Serum Thymidine Kinase Levels Identify a Subgroup at High Risk

of Disease Progression in Early, Nonsmoldering Chronic Lymphocytic Leukemia

By Michael Hallek, Irmgard Langenmayer, Christoph Nerl, Wolfgang Knauf, Hermann Dietzfelbinger,
Dagmar Adorf, Marianne Ostwald, Raymonde Busch, Ingrid Kuhn-Hallek, Eckhard Thiel, and Bertold Emmerich

Chronic lymphocytic leukemia (CLL) shows a remarkably
heterogeneous clinical outcome; survival ranges from sev-
eral months in advanced stages to more than 10 years in
early stages. The Binet and Rai staging systems distinguish
three major prognostic subgroups, but do not accurately
predict the individual risk of disease progression in early CLL
(Binet stage A or Rai stage 0 to Il). Because most newly
diagnosed CLL patients present with early disease, it seems
desirable to search for additional prognostic factors to
identify early CLL patients at high risk of rapid progression. It
has been shown that elevated serum thymidine kinase (s-TK)
levels predict disease progression in CLL. Therefore, this
study aimed to assess the prognostic value of s-TK in 122
previously untreated patients with Binet stage A CLL (mean
age = SD, 58.7 + 8.5 years). In univariate analyses, 18 of the

vival (PFS). In a stepwise multiple regression analysis, only
three parameters provided independent prognostic informa-
tion on PFS: s-TK greater than 7.1 U/L; presence of lymphad-
enopathy; and white blood cell (WBC) count greater than
75,000/pL. When added to the classification of smoldering
versus nonsmoldering CLL, s-TK levels separated two groups
within the group of nonsmoldering stage A patients: pa-
tients with s-TK values greater than 7.1 U/L had a median
PFS of 8 months, whereas patients with s-TK values = 7.1
U/L expected a much longer PFS (49 months; P < .001),
similar to smoldering CLL (42 months). The results demon-
strate that s-TK is a prognostic parameter that adds indepen-
dent prognostic information to the definitions of smoldering
and nonsmoldering CLL in Binet stage A.

© 1999 by The American Society of Hematology.

22 parameters investigated predicted progression-free sur-

HRONIC LYMPHOCYTIC LEUKEMIA (CLL)isamark-  prospective clinical study investigated the prognostic value of
edly heterogeneous disease with regard to its prognosis-TK in 122 patients with previously untreated early CLL (Binet

and clinical course. Several staging systems have been pratage A, Rai stage 0 to Il). The results demonstrate that s-TK is a
posed- that identify three major prognostic subgroups and parameter that adds independent prognostic information to the
guide the treatment decision. There is general agreement thatefinitions of smoldering and nonsmoldering CLL in Binet
only patients with advanced Binet or Rai stages requirestage A.
chemotherapy® Patients with early CLL, ie, Binet stage A or
Rai stages 0 to Il, do not usually receive treatment until
progression. However, approximately 30% to 40% of patients
with early CLL show a short progression-free survival (PFS) Patients. Between January 1987 and October 1992, 122 previously
and might benefit from early and/or intensified treatment.untreated patients with CLL Binet stage A who presented to one of the
Unfortunately, the current staging systems for CLL are not ablefour participating study centers (Medizinische Kilinik, Universita
to identify these early CLL cases at high risk for progresgion. Munchen, and . Medizinische Klinik, Technische Univeisitiinchen;
Therefore, this study aimed to investigate whether novelStedtlsches Krankenhaus Muohen-Schwabing; Klinikum Benjamin

roanostic factors miaht ist in the identification of a high Franklin, Freie UniversitaBerlin, Germany) were included. Informed
p_ ognostic factors mignt assis € identincation ot a 9N~ ., sent was obtained from all patients. Histopathologic diagnosis of
risk category of early CLL.

. CLL was established from bone marrow or lymph node biopsies
It has been shown that elevated levels of serum thymidineccording to the Kiel classificatioi:8 Bone marrow histology was
kinase (s-TK) predict a high risk of disease progression inphtained from 106 patients at diagnosis. Several patients were included
low-grade non-Hodgkin's lymphoma and CEi}4In CLL and  in the study some time after the diagnosis was established. The mean
immunocytoma, s-TK seems to provide prognostic informationinterval = SD from diagnosis to inclusion in the study was 3€.8.75
that is independent of the Binet staging sysfémihe present months. There was a male preponderance of 71:51 (Table 1). Mean
age = SD was 58.7+ 8.5 years (Table 1). Staging was performed
according to the Binet staging system, and only patients with Binet
From the Medizinische Klinik, Abteilung fuHamatologie und  stage A were included in the stuélyEighteen patients (15%) were
Onkologie, Klinikum Innenstadt, Ludwig-Maximilians-Univeisita treated with interferone after inclusion in the study on a randomized
Miinchen; Stdtisches Krankenhaus Maohen Schwabing; I. Mediz- multicenter trial® The median observation time of all patients evalu-
inische Klinik und Poliklinik, Abteilung“fuHamatologie und Onkolo-  able by October 1996 was 36 months. Further characteristics of the
gie, Institut fir Medizinische Statistik und Epidemiologie, Technische patients are listed in Table 1.
Universita Miinchen; Medizinische Klinik 11l mit Schwerpunkt ha- Staging and other tests.Routine laboratory studies of these patients
tologie, Onkologie und Transfusionsmedizin, Univétskiinikum Ben- ~ were performed at inclusion in the study and consisted of complete
jamin Franklin der Freien UniversiteBerlin, Germany. blood cell count with differential, platelet count, and blood chemistry,
Submitted May 26, 1998; accepted October 26, 1998. including serum lactate dehydrogenase (s-LDH). Peripheral blood
Address reprint requests to Michael Hallek, MD, Medizinische Klinik mononuclear cells were analyzed by immunophenotyping to establish
I, Klinikum Grofihadern, Ludwig-Maximilians-UniversitaMinchen, the diagnosis of typical CD5 CLL. At inclusion in the study, a
Marchioninistr. 15, D-81377 Muachen, Germany. complete physical examination, chest x-ray, and abdominal ultrasound
The publication costs of this article were defrayed in part by page were performed. Abone marrow biopsy was performed at study entry in
charge payment. This article must therefore be hereby mdikeder- 106 patients (Table 1). Computed tomographic scans of the abdomen
tisement”in accordance with 18 U.S.C. section 1734 solely to indicate and pelvis were performed if clinical symptoms required a more
this fact. thorough investigation of thoracic or abdominal organs. The physical
© 1999 by The American Society of Hematology. performance status was determined according to the Eastern Coopera-
0006-4971/99/9305-0009$3.00/0 tive Oncology Group (ECOG) score. Sera from patients obtained at
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Table 1. Patient Characteristics at Study Entry

Patients

1733

Statistics. Statistical analysis was performed with the SPSS pro-
gram version 7.5 (SPSS Inc, Chicago, IL). PFS was estimated by the
method of Kaplan and Mei&?. Continuous variables were dichoto-

Parameter No. % . . . . ope . .
mized with optimal cut-off values using the classification and regression
No. of CLL patients 122 100 trees (CART) metho&' Cox multiple regression analysis was per-
Sex formed to determine the independent contribution of the varigBles.
Female 51 42 Correlations were assessed by the Spearman rank test.
Male 71 58
Age (yr) RESULTS
Mean = SEM 8.7+ 85 s-TK levels, presence of lymphadenopathy, and WBC counts
Range 35-75 . N . .
Time from diagnosis to study entry, mean = SD independently predict tlme to disease progregsm‘ﬁhe cut-off
(mo) 308 + 5.2 values of 22 prognostic parameters investigated were deter-
Performance status (ECOG score) mined by the CART analysis (Table 2). All parameters except
0 89 age, sex, ECOG score, and presence of hepatomegaly showed a
1 32 statistically significant relationship with PF8 & .05). Using
Therapy during study the cut-off values determined by the CART analysis, a stepwise
None 104 85.2 multiple regression analysis was performed. Only three param-
Interferon-alfa 2b 18 148 eters provided independent prognostic information: (1) s-TK
Other o 0 0 greater than 7.1 U/L, (2) presence of lymphadenopathy, and (3)
Lymphoid marrow infiltration as evaluated by WBC count greater than 75,000/uL (Table 2). s-TK values
bone marrow histology . .
Nodular 37 303 showed a weak correlation with lymphocyte counts or WBC
Nonnodular 69 56.6 . - -
Table 2. Prognostic Factors for PFS in Binet Stage A CLL Patients
Not evaluated at study entry 16 13.1
(N =122)
Multiple
Univariate Regression
Analysis (Cox) Analysis
inclusion in the study were stored at20°C until further analysis for Cutoff Relative
s-TK and serunmB,-microglobulin (sB,M). The TK assay was per- pParameter Level px Risk p
formed with a commercially available radioenzyme assay (Prolifigen;
Sangtec Medical, Bromma, Swedeéf)The TK activity is expressed in run <0001 344 <.0001
units per liter. Control values of s-TK as determined in 22 healthy young Presence of lymphad-
adults were 3.8 0.9 U/L (mean= SD; range, 2.2 to 6.0). For TK enopathy Yes vno <0001 364 <.0001
values, the intraassay variability was between 5.4% and 7.5%, and the'VBC count 75,000/uL 0072 482 0040
interassay variability between 5.7% and 8.3%B &t levels were Lymphocyte doubling
determined with a radioimmunoassay (Isotopen Diagnostik CIS GmbH,  time 6.5 mo <.0001
Dreieich, Germany). Serum IgA 40 mg/dL <.0001
Prognostic parameters. The following prognostic parameters were  peripheral blood lym-
evaluated at inclusion in the study: age, sex, performance status (ECOG phocyte count 44,275/uL <.0001
score), white blood cell (WBC) count, peripheral blood lymphocyte s-g,m 2.05 mg/L <.0001
count, peripheral blood neutrophil count, platelet count, blood hemoglo- serum Igm 37 mg/dL .0001
bin, s-LDH, s8,M, s-TK, serum creatinine, presence of lymphadenopa- Piatelet count 133,500/l .0004
thy, time from diagnosis to inclusion in the study, serum immunoglobu- Rai stage ovli+1l .0004
lin levels (IgA, IgM, and IgG), presence of hepatomegaly, presence of Interferon-alfa treat-
splenomegaly, bone marrow histology (hodwanonnodular infiltra- ment Yes vno .0014
tion), Rai stage, and lymphocyte doubling time according to the method Serum LDH 202 U/L .0037
of Montserrat et af! Because some patients were treated with Serum IgG 635 mg/dL .0045
interferone 2b in a randomized trid® interferone treatment was also Presence of spleno-
analyzed as a prognostic variable. megaly Yes vno .014
Evaluation of disease progressionlt has been shown that the time  Diagnosis to study
to disease progression has an important impact on survival of early- interval 38 mo .032
stage CLL patient®? Therefore, this parameter can be used to shorten peripheral blood neu-
the duration of clinical studies in early CLL (Binet stage A or Rai stages  trophil count 8,300/uL .033
0 to Il), because it is a valuable surrogate end point for overall survival. Bone marrow his- Nodular vnon-
Disease progression was assessed as deséfilfrdgressive disease tology nodular .035
was defined by an increase of the size of lymph nodes or liver or spleenBlood hemoglobin 14.3 g/dL .042
by greater than 50%, the appearance of new enlarged nodes or new
hepatomegaly/splenomegaly, the increase of peripheral Iymphocytepresence of hepato-
counts to greater than 100,000/pL, transition from stage Ato B or C, or megaly Yes vino =05
transformation to prolymphocytic leukemia or high-grade lymphoma Age S8.5yr =05
(Richter’s syndrome). Follow-up examinations were scheduled every 3 5&* Male vemale  =>.05
months in the first year after inclusion in the study or more often if the Performance status
(ECOG) ovl >.05

clinical situation indicated a rapid disease progression. After the first

year, the follow-up interval was 6 months. *Log-rank test.
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counts p = .28; P < .05; Spearman rank test). Figure 1 infiltration26 Similar criteria were developed by the French
demonstrates that each of the three independent prognostCLL Study Group” and by the Rai staging system (Rai stage 0).
variables was able to separate two subgroups within Binet stag@/hile there is clear evidence of a very good prognosis for
Athat had a different time to disease progression. For patientsmoldering CLL, predicting the prognosis of the larger group of
with high versus low s-TK values, the median PFS duration wasyonsmoldering CLL patients in Binet stage A is more difficult.
9 (range, 5 to 13) versus 49 (range, 24 to 74) morfhs (001; Since our analyses found two parameters, s-TK and presence
Fig 1A). For patients with high versus low leukocyte counts, o \ymphadenopathy, that were not part of the above definition
PFS_W"’_‘S3 (range, 20 4) versus 34 (range, 910 49) MORRS (o gmoidering CLL26 we tested whether their inclusion was
tgglp:::g viaBs).SF(cr);r?:selnits) ‘é")'t\lje\:selrjssu;\’\('g'r?;et lé?fohzg)e;%%?able to identify new prognostic subgroups. Figure 2A shows the

' ! ! rEFS of CLL stage A patients separated into those with smolder-

(Plzéegtt‘dlzg%ls)énd presence of lymphadenopathy define !ang and nonsmgldgring disease. The 25 patients With smoIQer-
subgroup at high risk of disease progression within nonsmolder'"Y CLL had.a significantly longer PFS than the 81 pat.u?nts with
ing Binet stage A CLL. The current risk-assessment strategiesnonsmc’k_jer'ng_J C_:LLK) < ‘00_1; 42v 18 months). In addition to

in CLL are relatively potent in identifying patients with a the crltgrladgflnlng srr?olderln.g QLL, elevated s-TK levels Wgre
relatively poor prognosis (Binet stage C or Rai stage Il and jv able to identify 31 patients within the group of nonsmoldering
patients), as well as patients with a very good prognosis that iBinet stage A patients who had a significantly shorter PFS than
identical to the age-matched healthy population. The lattefPatients with low s-TK levelsR < .001; 8v 49 months; Fig
group of patients is considered to have smoldering CLL. It is a2B). Interestingly, only two of the patients with smoldering
subgroup of Binet stage A patients identified by normal bloodCLL had an elevated s-TK value greater than 7.1 U/L. Asimilar
hemoglobin greater than 13.0 g/dL, a low absolute lymphocytephenomenon was observed for the prognostic parameter “lymph-
count (< 30,000/pL), a lymphocyte doubling time greater than adenopathy.” The PFS of nonsmoldering patients who pre-

12 months, and a nondiffuse pattern of lymphoid bone marrowsented with lymphadenopathy was significantly shorter than

A °r B '
ot 9

T 5 8 5
g 4 . 3 4
> ’ b » f
@ . I
S O g i T |
L : TK >7 UL (n=37) & >= 75000 (n=8)
T . c
5 21 5 g 2
& | Tl — @
§, RE P TK <=7 U/L (n=78) g, A < 75000 (n=114)
a8 00 ‘ . . ‘ ‘ ‘ . . s 00 ‘ i i i ‘ i ‘ i

0 12 24 36 48 60 72 84 96 108 o} 12 24 36 48 60 72 84 96 108

months months

c
©
2 .
g %
3 4 L
S L R P
£ 37 lymphad. (n=59)
o 4
S 2
2 ; _—
g’ i no lymphad. (n=63) Fig 1. PFS of CLL Binet stage A patients in relation to different
a 00 N ‘ R : . prognostic parameters: (A) s-TK, with a cut-off level of 7.1 U/L; (B)

0 12 24 36 48 60 72 84 96 108 peripheral blood leukocyte count with a cut-off level of 75,000/p.L; (C)

presence or absence of lymphadenopathy. Differences were statisti-
months cally significant (P < .001) for all three parameters.

¥20z KB Lz uo 3sanb Aq ypd-ze . L/6€02591L/2€ L LIS/E6/4PA-BJ0IE/POO|qARU SUOREDIgNdYSE//:d)Y WOl papeojumoq



THYMIDINE KINASE IN CLL

1735

A B
9%
81 4
71 .
5
~
-
..\ a -_——-
© 5 . % smoldering
I - L
g 4 e 2 A4 :
Bl - ~
N ' : 8 3 5
® e, LI : n. smold. tk>7
..................... N LY
LQ_ 37 smoldering s 2 :
< 7 :
S 2 ol TR —
a2 > : n. smold. tk<=7
..... g H
% AR non-smolder. 8 00 :
o] 0 12 24 36 48 60 72 84 96 108
& 00 :
0 12 24 36 48 60 72 84 96 108 months
months
D 1,0
N i
L 1
— . —
5 sl ! - s sl L. | |
s T e smoldering S Rai>0 tk>7
=] M
2 4% 2
o L ©
[ 3 ., o -—-
ww w n. smold. lymphad. éF Rai>0 tk<=7
C L <
2 2 E=
5 1 n. smold. n. lymphad 5 Rai=0
o | .. ©
g 00 & 00

0 12 24 36 48 60 72 84 96 108

months

0 12 24 36 48 60 72 84 96 108

months

Fig2. PFSof 106 CLL Binet stage A patients assigned to different prognostic subgroups (Kaplan-Meier plots). (A) 25 patients with smoldering

CLL versus 81 with nonsmoldering CLL: median PFS, 42 versus 18 months (P < .001). (B) 79 patients with nonsmoldering CLL are further divided
according to s-TK levels: 31 with high s-TK values (>7.0 U/L) versus 48 with low s-TK values (=7.0 U/L) had a PFS of 8 versus 49 months (P <
.001). (C) 81 patients with nonsmoldering CLL are further divided according to the presence or absence of lymphadenopathy: 42 with
lymphadenopathy versus 39 without lymphadenopathy had a median PFS of 10 versus 38 months (P < .001). (D) 106 Binet stage A patients, now
classified in 52 patients with Rai stage 0, 42 patients with Rai stage | to Il and low s-TK values (=7.0 U/L), and 25 patients with Rai stage | to Il and
high s-TK values (>7.0 U/L). Median PFS was 75 months for Rai stage 0 patients, 31 months for Rai stage I/Il with low s-TK, and 9 months for Rai
stage I/11 with high s-TK (P < .001).

that of patients without lymphadenopathy € .001; 10v 38
months; Fig 2C).

Binet stage A consists of Rai stage 0, I, and Il. The major
prognostic parameter distinguishing Rai 0 patients from Rai |
and Il patients is the presence of lymphadenopathy. Again, we This study shows that s-TK level provides independent
asked whether elevated s-TK levels would add prognostigprognostic information on PFS in Binet stage A CLL, in
information to the Rai staging system at early stages (Rai O taddition to the criteria defining smoldering CLL. Since the time
I1). When the subgroup of Rai stage /Il patients was furtherto disease progression seems to predict the survival time of CLL
split by s-TK levels greater than 7.1 U/L, a group of patients patients?? it was used as a surrogate end point in this study; it
with a very short PFS of 9 months was identified (Fig 2D). Raican be expected but needs to be proven that s-TK levels will
stage I/ll patients with s-TK levels 7.1 U/L had a longer PFS  also be relevant for predicting survival of Binet stage A CLL
(31 monthsP < .001). Rai stage 0 patients had the longest PFSpatients.

(75 months). Finally, the addition of 3;m values seemed to Thymidine kinase, adenosine triphosphate (ATP):thymidine

further enhance the distinction between nonsmoldering patients
at high and low risk (data not shown).

DISCUSSION
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5'-phosphotransferase (EC 2.7.1.21), is a cellular enzyméndependent prognostic value in a small subgroup of studies
known to be involved in a “salvage pathway” for DNA only. Moreover, a major disadvantage of bone marrow histopa-
synthesig® Mammalian cells contain at least two TK isoen- thology as a prognostic marker may be its relatively low
zymes, which differ in their biochemical properties and their reproducibility when different histopathologists review the
cellular distributior?® The cytosolic isozyme, TK1 (also known biopsy slides.

as fetal TK), is found in the G1/S phase of dividing cells, butis In comparison with the above “established” parameters, the
absent in resting celf.In contrast, the levels of the mitochon- value of serum parameters as prognostic factors for CLL may
drial isozyme, TK2, remain stable throughout the cell cycle.have been underestimated in the past. Recent studies indicate
TK1 accounts for 95% of the s-TK activity found in most that at least three serum parameters—s-TK3.s; and
normal and pathologic situatiod%31The s-TK activity in CLL ~ s-CD23—may add prognostic information to the current staging
patients is probably related to the number of dividing tumor systemg?>19.36.37.39.40The versatility and ease of serum tests,
cells as a result of tumor mass and rate of tumor cellwhich yield quantitative rather than qualitative results, are
proliferation, since s-TK levels correlate with the proliferative important advantages, eg, in comparison to the laborious classic
activity of CLL cells32 Moreover, the proportion of S-phase cytogenetics or the investigator-biased evaluation of bone
cells detectable in tumor biopsies was found to correlate withmarrow histology. The results of this study suggest that the use
s-TK, but not with sp,M levels33 Finally, s-TK levels, but not  of s-TK levels might improve the assessment of the individual
the TK activity of normal peripheral blood mononuclear cells, prognosis in patients with early CLL. It seems highly desirable
correlate with the tumor stage of breast cancer pati@taken  to further define its value by large prospective studies.

together, s-TK levels in cancer patients seem to reflect the
proliferative activity of the tumor.

Since the commercial introduction of a reliable and techni-
cally easy assay (see Materials and Methods), s-TK levels have 1- BinetJL, Auquier A, Dighiero G, Chastang C, Piguet H, Goasguen
been investigated in a variety of malignancies. Elevated s-Tk): Vaugier G, Potron G, Colona P, Oberling F, Thomas M, Tchernia G,
levels were found in Hodgkin's disease, non-Hodgkin's lym- Jacqu'"at,c’ Bowin P, LeSty.C’ Duaul_t_MT,_ Moncondth, Belabbes S

. . . Gremy F: A new prognostic classification of chronic lymphocytic
phoma, multiple myeloma, acute lymphatic and myeloid leuke-,

X leukemia derived from a multivariate survival analysis. Cancer 48:198,
mia, breast cancer, prostate cancer, and non-small-cell lungggq

cancer® In_Iow-gra_de non-Hodgkin's Iym.phoma, S'T'_( I_evels 2. Rai KR, Sawitsky A, Cronkite EP, Chanana AD, Levy RN,
correlate with the disease stage and provide prognostic informapasternack BS: Clinical staging of chronic lymphocytic leukemia.
tion on overall survival and PF&LS Blood 46:219, 1975

Serum CD23 (s-CD23) is another serum parameter that has 3. International Workshop on Chronic Lymphocytic Leukemia:
been shown to identify patients at risk in early C#37In a Chronic lymphocytic leukemia: Recommendations for diagnosis, stag-
series of untreated, newly diagnosed patients with Binet staghd and response criteria. Ann Intern Med 110:236, 1989
A, high levels of s-CD23 were found to correlate with elevated 4. Montserrat E, Hallek M: Current strategies for the treatment of
s-TK levels, a lymphocyte doubling time less than 12 months,CLL' Leuk Lymphoma 22:65, 1996 (suppl 2)

d dul fb infiltrati 5. Rai KR, Rabinowe SN: Chronic lymphocytic leukemia, in Hol-
and anonnodular pattern of bone marrow infiltration. Moreover’land JF, Frei E lll, Bast RC Jr, Kufe DW, Morton DL, Weichselbaum

elevatfad s-CD23 levels predicted early disease progre@%ion.RR (eds): Cancer Medicine. Philadelphia, PA, Lea & Febiger, 1993, p

Sarfati et al have shown that s-CD23 levels greater than 574971

U/mL are associated with a rapid disease progression in Binet 6. Rozman C, Montserrat E: Chronic lymphocytic leukemia. N Engl

stage A CLL patientd’ However, at present, it is unknown JMed 333:1052, 1995

which of the two parameters, s-TK or s-CD23, is more potentin 7. Foon KA, Rai KR, Gale RP: Chronic lymphocytic leukemia: New

predicting progression of ear|y CLL and whether they providelnslghts.lnto blOlOgy and therapy. Ann Intern Med 113:525, 1990

prognostic information independently from one another. Both 8- Elims PH, Eng Gan T, Medley G, van der Weyden MB:

parameters may be used for a risk-adapted management of eal}frognosnc relevance of thymidine kinase in adult non-Hodgkin's
. - . lymphoma. Blood 58:926, 1981

CLL. In arecent trial testing the value of interferartreatment

in Bi A . TK di binati ith 9. Gronowitz JS, Hagberg H, Kander CFR, Simonsson B: The use
In Binet stage A patients, s-TK was used in combination wit of serum deoxythymidine kinase as a prognostic marker, and in the

the type of bone marrow infiltration and the lymphocyte yonitoring of patients with non-Hodgkin's lymphoma. Br J Cancer

doubllng_tlme t_o stratify patients accordlr_lg t_o thc_a_ I’IS!( of 47:487, 1983

progression. This strategy allowed prospective identification of 10. Hagberg H, Glimelius B, Gronowitz JS, Killander A; lkader

a patient group with a significantly shorter time to diseaseCFR, Schrder T: Biochemical markers in non-Hodgkin’s lymphoma

progressiort? stages Il and IV and prognosis: A multivariate analysis. Scand J
Considerable progress has been made over the past 20 yedtgematol 33:59, 1984 _

in identifying new prognostic parameters in CLL. In additionto _ 11- Hallek M, Emmerich B, Strohmeyer S, Busch R, Reichle A,

advanced Binet or Rai stages, at least four factors see enekowitsch R: Activity of serum thymidine kinase in non-Hodgkin

generally accepted to predict a poor prognosis in CLL: diffuse ymphoma: Relationship to other prognostic factors. Klin Wochenschr

b infiltration, blood lymphocyte counts greater than” o, s -0
one marrow Innitration, blood lymphocyte counts greaterthan 1, - yander CFR, Simonsson B, Hagberg H, Gronowitz JS: Serum

50,090/uL, a lymphocyte doqpling time 12 months, and  yeoxythymidine kinase gives prognostic information in chronic lympho-
multiple or complex abnormalities of the karyotyp®. How- cytic leukemia. Cancer 54:2450, 1984

ever, it should be emphasized that some of these four prognostic 13. Martinsson U, Glimelius B, Hagberg H, Sundstrom C: Prognos-
factors were tested in a limited number of studies or showedic relevance of serum-markers in relation to histopathology, stage and

REFERENCES

¥20z KB Lz uo 3sanb Aq ypd-ze . L/6€02591L/2€ L LIS/E6/4PA-BJ0IE/POO|qARU SUOREDIgNdYSE//:d)Y WOl papeojumoq



THYMIDINE KINASE IN CLL 1737

initial symptoms in advanced low-grade non-Hodgkin lymphomas. Eurpatients. French Cooperative Group on Chronic Lymphocytic Leukae-
J Haematol 40:289, 1988 mia. Br J Haematol 76:45, 1990

14. Martinsson U, Glimelius B, Hagberg H, Sundstrom C: Primarily ~ 28. Reichard P, Estborn B: Utilization of deoxyribosides in the
asymptomatic low-grade non-Hodgkin lymphomas: Prediction of symp-synthesis of polynucleotides. J Biol Chem 188:839, 1951

tom-free survival and total survival. Eur J Haematol 43:332, 1989 29. Kit S: Viral-associated and induced enzymes. Pharmacol Thera-
15. Hallek M, Wanders L, Ostwald M, Busch R, Senekowitsch R, peut 4:501, 1979
Stern S, Schick H-D, Kuhn-Hallek I, Emmerich B: Serup- 30. Bello LJ: Regulation of thymidine kinase synthesis in human

microglobulin and serum thymidine kinase are independent predictorgels. Exp Cell Res 89:263, 1974
of progression-free survival in chronic lymphocytic leukemia and 31 Gronowitz JS, Kiéander CFR, Diderholm H, Hagberg H,
immunocytoma. Leuk Lymphoma 22:439, 1996 Petterson U: Application of an in vitro assay for serum thymidine

16. Lennert K, Feller AC: Histopathologie der Non-Hodgkin- yinase: Results on viral disease and malignancies in humans. Int J
Lymphome (nach der aktualisierten Kiel-Klassifikation). Berlin, Ger- ~oncer 33:5. 1984

many, Springer-Verlag, 1990

17. Stansfeld AG, Diebold J, Kapanoi Y, Kale G, Lennert K,
Mioduszewska O, Noel H, Rilke F, Sundstrom C, van Unnik JAM,
Wright DH: Updated Kiel classification for lymphomas. Lancet 1:292,
1988

18. Lennert K, Mohri N, Stein H, Kaiserling E: The histopathology
of malignant lymphoma. Br J Haematol 31:193, 1975

19. Langenmayer |, Nerl C, Knauf W, Adolph S, Hallek M,
Dietzfelbinger H, Maubach P, Ziegler-Heitbrock HWL, Thiel E, Emme-
rich B: Interferon alpha 2b in the treatment of early stage CLL with risk
for progression. Results of a randomized multicenter study. Br J
Haematol 94:362, 1996

20. Gronowitz JS, Hagberg H, "Hander CFR, Simonsson B:

32. Kdlander CFR, Simonsson B, Gronowitz JS, Nilsson K: Serum
deoxythymidine kinase correlates with peripheral lymphocyte thymi-
dine uptake in chronic lymphocytic leukemia. Eur J Haematol 38:331,
1987

33. Lehtinen M, Wigren T, Lehtinen T, Kallioniemi OP, Aine R,
Aaran RK, Ojala A: Correlation between serum tumor marker levels
and tumor proliferation in small cell lung cancer. Tumour Biol 9:287,
1988

34. McKenna PG, O’'Neill KL, Abram WP, Hannigan BM: Thymi-
dine kinase activities in mononuclear leukocytes and serum from breast
cancer patients. Br J Cancer 57:619, 1988

35. Hallek M, Wanders L, Strohmeyer S, Emmerich B: Thymidine
Optimized assay for thymidine kinase and its application for the kinase: A tumor marker with prognostic value for non-Hodgkin's
detection of antibodies against herpes simplex virus type 1- an ymphoma and a broad range of potential clinical applications. Ann
2-induced thymidine kinase. Infect Immun 29:425, 1980 Hematol 65:1, 1992

21. Montserrat E, Sanchez BJ, Vinolas N, Rozman C: Lymphocyte 3©- Knauf WU, Langenmayer |, Ehlers B, Hallek M, Zeigmeister B,
doubling time in chronic lymphocytic leukaemia: Analysis of its Nerl C, Emmerich B, Thiel E: Serum levels of soluble CD23, but not of

prognostic significance. Br J Haematol 62:567, 1986 soluble CD25 are predictive for disease progression in early stage B-cell
22. Molica S: Progression and survival studies in early chronicchronic lymphocytic leukemia. Leuk Lymphoma 27:523, 1997

lymphocytic leukemia. Blood 78:895, 1991 37. Sarfati M, Chevret S, Chastang C, Biron G, Stryckmans P,
23. Kaplan EL, Meier P: Nonparametric estimation from incomplete Delespesse G, Binet J-L, Merle-Beral H, Bron D: Prognostic impor-

observations. J Am Stat Assoc 53:157, 1958 tance of serum soluble CD23 level in chronic lymphocytic leukemia.
24. LeBlanc M, Crowley J: Survival trees by goodness of split. J Am Blood 88:4259, 1996

Stat Assoc 88:457, 1993 38. Hallek M, Kuhn-Hallek I, Emmerich B: Prognostic factors in
25. Cox D: Regression model and life-tables (with discussion). J Rchronic lymphocytic leukemia. Leukemia 11:54, 1997 (suppl 2)

Stat Soc 34:187, 1972 39. Simonsson B, Wibell L, Nilsson K32-microglobulin in chronic

26. Montserrat E, Vinolas N, Reverter JC, Rozman C: Natural lymphocytic leukaemia. Scand J Haematol 24:174, 1980
history of chronic lymphocytic leukemia: On the progression and 40. Keating MJ, Lerner S, Kantarjian H, Freireich EJ, O'Brien S:
prognosis of early clinical stages. Nouv Rev Fr Hematol 30:359, 1988 The serun2-microglobulin 32m) level is more powerful than stage in
27. French Cooperative Group on Chronic Lymphocytic Leukaemia:predicting response and survival in chronic lymphocytic leukemia
Natural history of stage A chronic lymphocytic leukaemia untreated (CLL). Blood 86:606a, 1995 (suppl 1, abstr)

¥20z KB Lz uo 3sanb Aq ypd-ze . L/6€02591L/2€ L LIS/E6/4PA-BJ0IE/POO|qARU SUOREDIgNdYSE//:d)Y WOl papeojumoq



