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Serum Thymidine Kinase and Soluble Interleukin-2 Receptor Levels Predict Subclinical
Recurrence of Malignant Lymphoma

Daisuke Wakao (First Department of Internal Medicine, Saitama Medical School, Moroyama, Iruma-gun,
Saitama 350-0495, Japan )

Before and after anti-neoplastic chemotherapy, serum thymidine kinase (TK) and soluble interleukin-2
receptor (sIL-2R) levels were serially determined in 28 patients with malignant lymphoma (ML). In 15
patients achieving and maintaining complete remission (CR) for more than 2 years, serum TK and sIL-2R
levels were unchanged or decreased gradually. In contrast, logarithmic linear increases in TK and sIL-2R
levels were observed in 13 relapsed patients. The increments of the serum markers preceded more than
10 months before the relapses. A significant positive correlation between the slope of the line for TK and
that for sIL-2R was noted. The doubling time for TK estimated from the slope also showed a positive
correlation with that for sIL-2R. Taken together, serum TK and sIL-2R were shown to be quite sensitive
and interrelated serum markers for the recurrence of ML. Slopes of logarithmic linear increase, which
are proper and specific for the individual patients, are inversely correlated with the doubling time and
reflect proliferation of ML. We compared serum TK/sIL-2R and international prognostic index (IPI)
for the detection of relapse of ML. IPI is widely used for individual evaluation of prognosis of ML. We
conclude that serum TK and sIL-2R are better predictor of relapse than LDH and IPI.

Keywords: thymidine kinase, soluble interleukin-2 receptor, recurrence, logarithmic linear increase,
proliferation of lymphoma cells
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THY, IDHEZ HEGKFDO1DE LTHRMLT
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F L UTTK/SIL-2REIPID & 5 S MEN TV B D 2
Wt L7, TR, LY > BT Tl
9% HIICI, TK/sIL-2RODMLDH/IPLE D /-
Wy THsT LziRE L.

MREFE

X R

19934E2 A A 51997465 H & TIC YR Te¥ L 7z,
1194E B D W) 5 Tk ) > 78 il (B-cell NHL101E 41,
T-cell NHL 9135 & O'HL 9JEf]) Zxf% & Uiz, &
222 113 WHO 7088 01 & » THbE Lz, 20
DWW T TR TH 3 IPI® ZiiE U (HLE
BIOHBEESEME UTHRE LT, —HORERNIELL
NOFAEIC K D ERA U 7. SEFIOBRINE, OB % i
17 L7 o 7210556, @wlEEE TRz 4 <
RO 123THER], @IiEFI < — I —hHIE X
NTWiEh > TZ44ERITH - 7z, B 2\ [E280E
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HL 3¥EfH]] 2 L s 1 A7 7 ¢ 7IHkE L7z (Table 1,
Table 2).

28FEFNC BV TIRIBBEF BN 5T X TICAFR
722, 2~4 R TTK, sIL-2R, LDH, C-reactive
protein (CRP) OHE ZHkGeIIC i T L7z, kY >R
JEDIRZE M D 7= iR X -ray, #E0E, 2~34 FEkE
OfgEs, BEE8, B computed tomograpy (CT) 7 i 7T L

K

7z. Gallium scintigraphy (3 FFFEMNEED NI THETT
U7z, 134Ef] (B-cell NHL 1255, HL UEFD & #)lm]
EH#%2~31%7 A CHFE L7z (Table 1). 15%Ef] (B-cell
NHL 124iEffil, T-cell NHL £, 35 X T HL 246 1&
e Efi# (complete remission; CR) 7 2450 F#ERF LT
Wz (Table 2, Fig. 1. ia¥ OB 16~777 F
Tdh O R ARIE 42 ATH > 7. ImBAMIEIE
MREFISNT 2 [FEDE D NTIERZ 05 & Uk,
MEX—H—(EDRE

TKIZTK-REA kit DAI-ICHI [ (RR) 2 —F 4 7 A4V b —
TSR, 3L, HAS] % W T ®l-iododeoxyuridine %
FH & U Fzradio-enzyme assayiZ T Il i€ U 7z. sIL-2R
1 CELLFREE Interleukin-2 Receptor Bead Assay Kit
(T cell Diagnostics, Massachusetts, USA) %\ T
sandwich enzyme immunoassay % Clli€ L7z. LDH&
CRP{ii (& Hitachi 7450 Automatic Analyzer 7 FH\ > CHIE
Uz, gt U7z 285l DV, flEtE, AV A
FRHYE & OFRE OME MG 1 S Bl OFRES D B 1K RS L 2.
ZOMHII%ZIRT B.
ME —H—Df#

BRERTR O MG~ — A —7%, HEICTKS % W0 i
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L7z (Fig. 2, Fig. 3). v bEN/zfih 5L FDOR
IZ Ko TR ERRZ1S2".
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Table 1. Characteristics at Diagnosis of Patients with Recurrent ML

Ann

Patient Arbor TK slL-2R LDH CRP Initial

No Age/sex Histology Stage (ury (U/ml) ({87)) (mg/dl) 1Pl Therapy Qutcome
1 22/F DLBCL I B 18 1,050 225 5.6 L CHOPXRT CR
2 61/M DLBCL A 11 801 150 0.1 L CHOPXRT CR
3 41/F DLBCL IV A 22 1,040 250 0.1 LI cHopcmerxRT PR
4 61/M DLBCL A 11 1,180 190 0.1 LI MEP,XRT CR
5 54/F DLBCL IV A 110 2310 649 1.8 LI CHOP CR
6 40/M  FLgrade2 IV A 15 5,420 228 12 HI  CHOP PR
7 59/M DLBCL IV A ND ND 181 0.2 L CHOP CR
8 65/M FLgade2 IVA ND ND 282 0.5 HI  CHOP PR
9 38/M MALT IV A 28 15,400 235 1.1 LI CHOP CR

10 38/M DLBCL IV B 150 13,400 319 5.8 H CHOP CR

11 47/F DLBCL IV B 110 13600 374 5.6 H CHOP CR

12 44/M DLBCL IV B 24 901 218 22 HI CHOP PR

13 73/M  HLMC A 11 5260 174 0.6 LI CHOP CR

DLBCL diffuse large B-cell lymphoma; FL follicular lymphoma; MALT Extranodal
marginal zone B-cell lymphoma of MALT type; HL Hodgkin’s lymphoma; MC mixed
cellularity; ND not determined; IPI international prognostic index; L low Lisk; LI
Low intermediate risk; HI high intermediate risk; H high risk; XRT radiotherapy.
CHOP cyclophosphamide, hydroxydaunorubicin, vincristine, predonisone; MEP
mitoxantrone, etoposide, predonisone; CMEP carboplatin, mitoxantrone, etoposide,
predonisone; CR complete remission; PR partial remission Normal range, TK0.0~5.0
U/I; sIL-2R 220~530 U/ml; LDH 107~220 IU/I; CRP 0.00~0.25 mg/dl.
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Table 2. Characteristics at Diagnosis of Patients Maintainig CR

Ann

Patient Arbor TK slL-2R  LDH CRP Initial

No Age/sex _ Histology Stage (un) (Uml) _ (un) (mg/dl) _IPI Therapy

14  64/F SLL A 7.7 325 138 0.1 L Surgery

15  72/F MALT A 6.2 512 168 0.1 L Surgery,MEP
16 66/F DLBCL I A 8.5 671 312 0.1 HI CHOP, XRT
17 73/F DLBCL A 5.3 465 279 0.1 LI MEP, XRT
18 68/F DLBCL A 8.5 671 576 1.8 HI CHOP

19 50M DLBCL A 9.3 447 178 0.6 L CHOP

20 48M DLBCL A 6.9 352 158 0.1 HI CHOP

21 52/M DLBCL B 4.2 325 1,812 1.8 HI MACOP-B
22 55M  DLBCL IV A 300 19,600 966 1.6 L CHOP

23 47M DLBCL IV B 4.1 641 604 1.0 HI CHOP

24 44/F AIL IV B 5.2 508 458 0.2 H MACOP-B
25 22/F DLBCL IV B 6.1 311 345 10.3 H CHOP

26 67/M DLBCL n A 3.7 317 447 13.6 H CHOP

27 25/F HL,MC A 82 1,090 178 0.1 L CHOP

28 53M HL,MC IV A 20.0 10,800 242 7.1 H CHOP, XRT

SLL small lymphocytic lymphoma; AIL angioimmnoblastic T-cell lymphoma; MACOP-B
methotrexate. hydroxydaunorubicin, cyclophosphamida, vincristine, predonisone,

bleomycyin.
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Fig. 1. Kinetics of various serum markers in patients achieving and maintaining CR. After the end of
therapy, serum values of TK, sIL-2R, LDH, and CRP were serially determined in 15 patients achieving
and maintaining CR for more than 2 years.
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Fig. 2. Recurrence after gradual logarithmic linear increase in serum TK and sIL-2R. Gradual increases of serum TK, sIL-2R,
and LDH after the end of therapy were observed in patients 1-8. Representative data from patients 1, 2, 3, 6, 7, and 8 were
serially plotted on the semilogarithmic graphs. The lines of the fitted equation describing the plots and the significances of
linearity were calculated individually. Recurrences were confirmed after gradual logarithmic linear increase of the parameters in
these patients as shown in the insets.
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Fig. 3. Recurrence after abrupt logarithmic linear increase in serum TK and sIL-2R. Abrupt increases of serum TK, sIL-2R and
LDH after the end of therapy were observed in patients 9-13. Representative data from patients 9, 10, 12, and 13 were serially
plotted on the semilogarithmic graphs. The lines of the fitted equation describing the plots and the significances of linearity
were calculated. Recurrences were confirmed after abrupt logarithmic linear increase of the parameters as illustrated in the
insets.
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FNZFho 7oy M), ERROMBGRE (o
BEUHE O ZLLFORDSHH U7z (Table 3) ™.
r=% (xy)-(Zx) (Zy)/N/JV2 &) -(Zx)*/N -

JZ OH-(ZYN
t=r/n—2/y1-1*

EAEER IO B D E N S L FORIC K > TH
HL7.

AR (day) =log increase in serum marker per day/
log?2.
Slope : — A DTK® % W & sIL-2RD I 73 (log
increase/Month).
RETFRARMT

MR 2 A BRI R E AR O AH B (R 2 72 LLliehET L
p<0.05EFEAHO LIz, Tz, VIV—TROERE
ZStudent thiEIC K D p<O.05Z2HEEZDH O L LTz,

fmoOR

Ei 1) v/ \EYIEIEZEEOMEBET—H—HIE

SR > oSHEG)EIGZEIRE O I TK 35 K U sIL-2RD
HEME I, CRHERHERI & Lol U CTHRAER TH EIC
EETH -7 (p=0.005). LA L, IPI, LDHE XU
CRPHIZFFERE & CRHEFIF CHREEZRD R o Iz
(Tablel, Table 2).
CRE#IFL TV BEFICHSIFZMBI—H—DFE
& LLMET

WA, IS TK, sIL-2R, LDH, CRPZ{H|
B LTz, 24D FCRZH#ERF LT3 150 (cases 14-28)
ZFig. LIS/RS. 2N 5 DIERFNC BT 54D DITEFH
=337 ATHARES L ISHEIRICIK P L.
BRIEFICETZMBET —H—DIERRIENM

8IEMHI (casesl-8) Tl, HFEICT7r AL EEITLT

T39

WM TK 3 & O SIL-2RFIEMEDN I U 7z, 64EH]
(casesl, 2, 3, 6,7, 8) DR Fig. 21C7”:9". Casesl, 2,
3T 2L ERT & D Fifi 72 TK 38 & U sIL- 2R 8
DOEINZERD T W=, Case 3TIFVILAR—IUREED -
SHTEN, Fo%EHE IR 57z, Case 20DTK
L case 4D SIL-2RMIE(E (Table 3) ZFrE, 24EfIT
TK 35 X U sIL-2RME (E DO REBR 75 GHEEE AR 5 1
Z OB HFEDHER S NI
BREIEGICHT B IMET —H— DM

5%EH (cases 9-13) Tld, HFILITL TAMATK
B XU SIL-2RAEM DN Z 588 Tz, ZD 5 B D4AJE
] (cases 9, 10, 12, 13) % Fig. 31c/~9. CaselOlX &
HHRTH-> Tz, TKE X U SIL-2RHE M O 2875 0K
N casell (TK, sIL-2R) & case 12 (SIL-2R) % [&\
TR 57z (Table 3).

ABATKSE LU SIL2RDOMFH FAIFEICL D EHE >~
INEEDBHETA

B O NEEFERER ORI T D HHE X TICHE
L7zfAl&2~317 A (CE¥g 1245 A) Th o7z, —7,
BB OTKE X USIL-2RPIEMD R E TIcBE LTz
WX, EIREENOEE, <A+ X4~7 5 A8 H
G5 237 H), 208smols, <A+ X2~75
A7 H CE¥ 177 H) TH -7z (Table 3). 7ahicid
HFED107 AL FE LRI TKES & OsIL-2RHFIEEA |
I L SRS 5N, LDHIED FFIETKE KT
sIL-2RllE M & & < MBI L TEFT % H, FHERIEZTK
BEUSIL-2RJPESE & Lhiig U THFETHIK & LTD
EEI3S > T,
BREESHEICBIT 2 MBI —H—D—aE ]

A OMES TS Z G 0F U TERFI DI iE TK B X
USIL-2ROMEE Z R LIz T & 139 Tl b7z,

Table 3. Characteristics of Serially Determined Serum TK and sIL-2R in Relapsed Patients

Linearity for
*

Months from the  Months

logarithmic increase end of therapy from the end
Patient TK sIL-2R to the increment of therapy
no. n r t n t TK  slL-2R to the relapse
1 8 0.92 5.75 15 0.86 6.13 8 2 31
2 3 0.84 1.55% 4 0.96 4.67 1 -4 24
3 10 0.99 10.00 3 0.99 50.00 4 2 16
4 7 0.95 6.81 4 0.89 2.70% 2 2 16
5 4 099 10.97 4  0.99 11.82 7 7 15
6 6 0.99 11.40 7 0.99 13.70 1 7 15
7 7 099 14.70 6 0.91 4.33 3 3 10
8 4 0.97 5.87 6 0.97 8.46 1 1 10
9 4 0.99 13.90 6 0.96 6.52 3 0 7
10 6 0.97 9.80 6 0.97 8.73 1 2 5
11 3 0.91 241% 3 092 2.39% -2 2 3
12 3 1.00 19.59 3 0.99 7.92% -1 0 2
13 4 0.99 22.30 6 0.99 32.00 3 2 7

* The line of the fitted equation describing the plots numbered (n) and the significance of

linearity (r and t) were calculated.
+ No significant difference. t=rvn—2/v1—r"

=2 &y - () (Y /N/VEED-(EYN /2 GH-(Zy)/N
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SIL-2RIEMEIZHE LTV TE LRI 24D T
HB. WEFICIBWTHRO G ZFRD, JEFI241
BOWTRHEIRESZ & &6 L. Bz &0 U 72iErnE
CRP, TKH X USIL-2RHEEEMNFRAC A Uz, EGE
W9 % & CRP, TKF5 & U sIL- 2RIE I3 EAYE R
PELARTOMEICR > Tz, TS IEEMED VSO EFE L
WBIERR CH > T2, T DT DIEGYESHIFO M~ —
F—EIZ S RIDOBIZEN 5 IEFRIF L Tz,

herpes zoster

" Case 24 "\
1100 [ eumonia ]
pn 0 L \
siL-2R / *
1000 | — \ A \
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K

MM3ETKE & U'sIL- 2RAIEEDIERS

Fig. 235 X U'Fig. 3I< /R HFIERIC BV T, TK
BEUSIL-2RHUEMEIE B U Tz B Z /R L T 5 1l HE
PE R E NI T8, K7 DOHBIRE R 7% AT L 7.
PHFEGEN 2 2BEIC /0T 72 (Table 4). 1DOEE (cases
9-13) I F 2B MDOEE (>0.2/month) & W
fE AR (<40 days) & B, tiDEE (cases 1-8) 4%
WA EE M OE E & EWERIER (=40 days) %
& D, TSR, TKI X UsIL-2RHEIEEIC B %
SHEEINOE X, AEZEOHBEEGENH S &
MBS &k - 7 (Fig. 5A). TKI X U sIL-2RMIEH

B
case 28
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Fig. 4. Infection increases serum TK and sIL-2R transiently. Because of documented infection, increase of serum CRP were
observed in patients 24 (A) and 28 (B), both of whom were maintaining CR. Serum TK and sIL-2R increased simultaneously in
these patients. The two patients had pneumonia and patient 24 had herpes zoster. When the infection improved, CRP, TK, and

SIL-2R returned to a level similar to before infection.

Table 4. Kinetic Parameters for Serum TK and sIL-2R

Pateint Slope (per month)

Doubling time (days)

no. TK sIL-2R TK slL-2R
1 0.034 0.022 269.5 409.6
2 0.033 0.029 271.0 310.3
3 0.097 0.095 96.4 94.8
4 0.148 0.101 61.0 89.7
5 0.056 0.062 162.4 146.3
6 0.028 0.048 320.6 189.7
7 0.061 0.047 148.0 190.5
8 0.020 0.022 455.0 403.0
9 0.243 0.233 37.2 38.7
10 0.368 0.480 24.6 18.8
11 0.437 0.253 20.7 35.8
12 0.679 0.554 13.3 16.3
13 0.051 0.250 177.0 36.0
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DX BEEIN OB E H SEFR S N2 SR RIC L HER
LB R 7Z 7R T (Fig. 5B).

z R

FHUC I & Nz R E I BV BRI & I H
HADFEA: L FEPDRER, FEFIC LICEBEDH 2 —ED
B E-> T B EHEEENTWVE®. —JF, EEM
faDBHEIZ IR BB TH B T LB N TV B ?,
SEOWZETIE, FIFEOIMEY > SEREFNIC BTk
FANCIMETKB X OsIL-2REZHIET B 2 &lc kD,
M) > S BE AT o il g5 A i & B ISR D 2D D
IST A= —ICHED R RE 2 HEWI U 7. FRFRAE
BN B TIMETKES & O SIL- 2RI & i & 6 2508 hn
BIRDTIN, CREHFHFL TV BIEMTREZNED
=N —EAEXTITERITK T L TV FHFEIE
Bl DM TK 35 & U sIL-2RHFEEIC U1 2 wHEHE D
HE X, & OGEGIE A oD %A% BERE R & A
BAL, U ROEREZ KL TWa 2 ENIHS
M7z o Tz, HRIERNC I TTK & sIL-2RHIE %
70y b U RO 2 13 H B s (E O MBI RE (R 7z
B, TK & sIL-2RHE i O 5 HE R & A B/ 1E O
BRI fRZ R Tz,

TK,ATP: F IV V5 -RAKR T VAT 25—F
(V) VBBHE OB Z il 2 8235) 13, DNAGRRED
YIVR—VRRIHEN T 5 ETH 2. MlnEIE
f£9 % TK (cytosolic TK : ¢TK) (&, HiflanZ4a G1/SHA
TEEIEE UKRIEIIZ A S %%, NHLIZHBW
TTKOEHNEE (cTK) IZ ORI & 72 % LDH,
MR HA D SHE0 7 ek & FHBE 9 % — 75, IMiETK
FcTK &SRO THE S NS Y. s TK I EEH
fah BIRNIZELICTKTH % LRI E NS, G1/SH
IZH AT RRIC TKA R Ui TK & & 8 hn
T 5. e TMETKOHE M fEEE 7210 Tk <,

0.8

y=0.77x + 0.04
A r=0.89

Log Increase in sIL2-R per Month

00 0.2 04 0.6 0.8

Log Increase in TK per Month

fEE A O BSERE S AR KM L T W3 EEZ 5N T
W5Y, M sIL-2RI sIL-2R a DO —ER AN 3N T rf
BHIC R ->T28DTH B, sIL-2R a (ZTEME(LHRLER
(THAME, BAE, HER, FF 2 I0F5—HlD)ic&k>
THEINFEET T, BHEL TORORRY ~
JSERTCIESIL-2R g WAFEEIG 329,

YD VRIS L TR TV R IY A7) VR
B 72 & A 12 REHER R 36 08, PUIRBEIE DY LR —
VEEYR TN TED, Utk D METKE X U
SIL-2RHIE (E DMK 7 E I Z BB R D E = 2 —IC
HFHTHZEENTWE Y, L LanD, kY
SEMNFEFES B D I~ — A — O BB 5 I iR
BHENTWS EIZWZ AW, SEOMHT, HHETS
1077 H YL ERAD B I i TK 35 & O sIL-2R @l A F 5
TGN D S T &, Tz, IR TIC2r ARITL
TIMETKE K USIL-2RJPE fED EFT ZIERIDH %
CTEEHLMC L. o TTNSDMGEY—h—I
EBIREZ K O GIICIET 2 RETHS. —7HD
BT TK 6.0 U/1, sIL-2R 600 U/mllL ED¥ahn7ziRe 7z
LAEBHREERINELEZ SN,

B OSHEIXFEIREZ DO E D H B WIFHUERI DR
BIC K D IEREK RS Sl T T e msh, &b
THLEELFIR & L TCDARRTEY »SBRE DK A
HEXN TV R, RYEHER FRICIZ S [EIR U I ER)
24D XNV ARAEGYEZ E 2 G LT UL, TK
B K U SIL-2RMFIEAE X 7 A )V 20 M D IESYE A
PHRRIC LR U, SBREDIBIRICZ S T EAMEENT
l{\%BZ,SB).

SIL-2RIFHAE Y VSO~ —h—& U THA
TH 572 T <, JETid Systemic Capillary Leak
Syndrome™ O & 5 kAR HEIC L A5 T % LR
INTNV5.

HE ) 2 SBEO FFEG] & EfEHERHER] (Table 1,

©
o
o

y =0.89x + 11.02
B r=0.86
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Fig. 5. Correlation of kinetic parameters for serum TK and sIL-2R. Correlation of logarithmic slopes for serum TK and sIL-2R
(A), and that of doubling time for serum TK and sIL-2R (B) were plotted. Slopes of the line and the doubling times estimated
from the slopes for TK and sIL-2R were calculated individually as described in the section on patients and methods.
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