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wm muciaTiaoM (80 Mr/m?) seisercs cercopHas ITHIT I—II creme-
HY, BO3HUKAIOMIAY MPEUMYIIECTREHHO Tocne 2—4 KypcoB. Emurma-
HBle ciaydau cencomoroproit TTHIT zaperucTpupoBaHsl mocie 4—6
KypcoB. TToCKOMbKY HOKCOPYOHIIH He 001a1aeT HEHPOTOKCAIHOCTEIO,
BCE OIMICAHHEIE HAPYIIIEHNS MEI CBA3BIBAEM C IEHCTBHEM IIAKIIITAKCE-
Ja u mpcrmiatysa. Tlepudepraeckas HeAPOTOKCHYHOCT STHX TIpeTa-
PATOB 3aBHCHT KaK OT Pa3’0BOM, TaX W OT KYMYJSTHBHON 10361, TIukK
HEHPOTOKCHIHOCTH TP XAMHOTEPAIIMI TTAKIIATAaKCeNIOM COBIIANAET C
TIMKOM KYMYJIITHBHOM JTO3BI, a MPH KOMOWHALIAY TTAK/IMTAKCETA C 1IH-
CITTATMHOM OTMEYeH OTCPOYSHHbI KyMYIITHBHEL 5 dexT ¢ KoM B
TIepBhie 3 Mec AMHAMITYECKOro HaOmOIEeHNs. DTOT CIBHI, BEPOSTHO,
00yCIIORNIEH TIOTEHIMPYIOIIAM HefipoToKcHaeckaM adhderTom 1mic-
IDIATHHA, TAK KaK B PSAC CIyIacB CHUMIITOMBI TOKCHYHOCTH MOTYT I10-
SBISATECA. UM TPOTPECCHPOBATH NaXe TIOCHE TIPSPHIBAHMS TEPAT
a1iM TpenaparoM [3]. KpoMe Toro, IpcinaTiH YITKeNIeT ¥ YBe ayi-
Baet npoporkurensHocTs ITHIT (IT creneHs BeTpeyaetcst JOCTOBEPHO
gaine, perpecc CHMITTOMOB VIPIHgeTcs 60JIee 9eM Ha TIOJITONa).
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3HAYEHUE BUOXUMWYECKUX TIIOKA3ATEJEA
CBIBOPOTKM KPOBM ¥ MO4YM B OIIEHKE
HE®POTOKCHYHOCTH TIPOTHBOOITYXOJEBOM
XUMMOTEPAIIAN V JETEN

HHHA raunuveckoii onxonozuu,
HHH demcroii onconozuu u zeMamonoeuy

XyMuoTepalTig B HACTOSINES BpeMst CUMTASTCS OINHUM U3 BEKHeH-
TIHX METOIOB JIEUeHH 3TOKAYECTBEHHBIX HOBOOOPa30BaHMi Y ACTeit.

CepresHbIM OCIOXHEHUEM COBPEMEHHBIX CXEM MHTCHCHBHOI
XUMUOTEpAIi, BRIIIOYAIONTHAX IPEeHapaThl INATHHEL, udochaMu
W IpyTHe IIUTOCTATAKY, ABJsIeTcS He(POTOKCHIHOCTD.

Hcnoms3yemete OOBIYHO I AMATHOCTUKY TOKCHIECKOIO Iopa-
KEHU TI09CK OHOXUMITISCKIIe ITOKA3ATENU, K KOTOPEIM IIPEeXAe BCe-
TO OTHOCHTCS a30TCORSPKAIINE COSIMHEHIS CEIBOPOTKH KPOBHU (MO~
YeBHUHA W KPeaTHHIH), HeOCTATOYHO HH(OpMaTHBHEL. B nocienHee
BpPEMS C TIENBIO UATHOCTHKM TIOpaKeHys TI0YeK, O0YCIOBIEHHOTO
TOKCHUYECKUM BOBIEHCTBUEM IPOTHBOOIIYXOJIEBHIX XUMHOIIPEeapa-
TOB, aHTHOAKTEPHATBHEIX ¥ JPYIVX JEKAPCTBEHHBIX CPEACTB, IIHPO-
KO€ PacCIpOCTpaHeHHe TONYIWIo HccheioBanye GhepMeHToB MOIH
[1, 2, 6, 8, 101. PuoxymMugecKuii aHAJM3 MOYIY B IEIX PAHHETO BEI-
SIBNICHHUA He()POTOKCHYHOCTH IPOTHBOOIYXOJIEBOM XUMHOTEPAITAN
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follow-up. Neurotoxicity grade II (sensorimotor) in combination
with hematological toxicity required paclitaxel dose reduction (up to
175 mg/m?) only in 1 patient from group 2 after 6 cycles.

Cramps were reported mainly after 4-6 treatment cycles, the
differences in their frequencies between groups being not statis-
tically significant.

In conclusion, sensory PNP grade I-IT occurring mainly after
2-4 chemotherapy cycles is main neurotoxicity of paclitaxel (175-220
mg/m?) therapy in combination with doxorubicin or cisplatin (80
mg/m?). Very few cases of sensorimotor PNP were recorded after 4-
6 cycles. Since doxorubicin is not neurotoxic all neurotoxicity
observed in this study was related to paclitaxel and cisplatin.
Peripheral neurotoxicity of these drugs depends upon both single and
cumulative dosage. Neurotoxicity peak on paclitaxe]l chemotherapy
conicided with cumulative dose peak while paclitaxel plus cisplatin
therapy demonstrated delayed maximal cumulative effect and toxic-
ity peak which were seen during the first 3 follow-up months.

This shift might be due to cisplatin neurotoxicity potentiation
because some toxicity symptoms could appear or rise even after with-
drawal of this drug [3]. Besides, cisplatin aggravates and increases dura-
tion of PNP (grade I was encountered significantly more frequently
and symptom regression was observed at more than half year later).
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SERUM AND URINARY BIOCHEMICAL
TESTS IN EVALUATION OF NEPHROTOXICITY
OF ANTITUMOR CHEMOTHERAPY IN CHILDREN
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Chemotherapy is a principal treatment modality in children
with cancer. Nephrotoxicity is a serious complication of high-
dose chemotherapy with platinum complexes, ifosfamide and
other cytostatics.

Biochemical tests used in the diagnosis of renal toxicity includ-
ing measurement of nitrogen-containing serum compounds (urea
and creatinine) are low informative. Urinary biochemistry study
became widely applied over the last years to discover renal lesions
resultinig from toxic effects of antitumor drugs, antibiotics and other
agents [1,2,6,8,10]. Urinary biochemical tests for early detection of
nephrotoxicity as a result of antitumor chemotherapy are non-inva-
sive and therefore of much importance in pediatric oncology.

The purpose of this study was to assess significance of serum
and urinary biochemical tests for early detection of nephrotoxicity
in children receiving antitumor chemotherapy.




Clinical Investigations

Tagnuua 1

PepmeHTh! MOUM, KpeaTHUH Y MOYEBUHA CBIROPOTKY KPOBW Y
NpaxkTuiecKky 3[0POBLIX AeTell U geTel ¢ He3NoKaYyecTBeHHbI-
MU 3ab0nesaHNaIMMN KOXIU U NOAKOXHOM Knetdyatkun (X = o)

Table 1

Urinary enzymes and serum urea and creatinine in practically
healthy children and pediatric patients with benign cutaneous
and subcutaneous cellular tissue lesions (X+0c)

AKTUBHOCTb QEepMEHTOB MOYN, KonuenTpauus
eli /MMONb KpeaTuHMHa
KpeaTWHUHA, | MOYEBUHBI,
HAT Aan ¥IT MKMOJib /51 MMOAb/A
0,33 £0,02| 246+0,51|7,04+0,6 64,5+ 8,1 4,1+1,1
(0,2—0,4) | (1,1—4,3) | (4,5—9,5) (52—88) (2,2—6,4)
NAG Creatinine Urea
. AAP v-GT concentration, | concentrati-
(urinary) mcmol/| on, memol/}
Urinary enzyme activity, Concentration
U/mmol creatinine

MpumMedaHne. B ckobkax ykasaHb! MHTEPBaSbI aKTUBHOCTU hepMeH-
TOB MO4Y 11 KOHLIEHTPALMM KPeaTUHUHa Y MOHEBYIHbE ChIBOPOTKA KPOBY
N o t e. Numbers in parentheses here and in tables 2, 3 are ranges.

mprobperaet 0coboe 3HAYEHNE B OHKOIIEIMATPHN B CBA3U C HEVHBA-
BUBHOCTBIO TIPEINTATAEMBIX METOIVIK.

ITens HacToAmEH PaBOTH — U3yYeHVE 3HAYUMOCTH OIpefese-
HMS OMOXMMHYECKMX IT0Ka3aTelell CRIBOPOTKY KPOBYU W MOYM Y
JeTel, TONYYAIOUMX IPOTHBOOIYXOIEBYIO XUMUOTEPANIMIO, IS

CBOEBPEMEHHOM IMATHOCTHKY He(bpOTOKCHIHOCTH.

Marepnaiss 1 meronpt. Vicenenopasye HehpOTOKCHIHOCTH XAMUOTEPANIEBTHYECKYIX
PEXHMOB, BRIIOYAIOLIK HpocdaMuz M HUCIIATIH, BEIONHEHO Ha OCHOBAHMM GHOXHMU-
4eCKOro aHa/MM3a KpOBY M MouH 19 mereit (10 MarbunkoB, 9 AgBoyek) B Bospacte o 5 o 16
JIeT IO HAaYasa, B IPOLEcCe M TI0cTe XuMmuoTeparmi. CpoKu HabIIONeH s COCTARISUIHA 2 He,
— 3 Mec, B TeYeHIe KOTOPBIX AeTH YOIV oT 1 10 3 KypCOB XMMUOTEPAITIH IIPONOIDKU-
TEMEHOCTRIO 5 gHEH ¢ uuTepBaIaMy MeXRy Kypcamu 3—4 nefl, Kypchl XuMMOTEpAIH,
Brimoyastme upochaMu B XypcoBoii nose 9 r/m? i penesn (500 Mr/M? 3a Kype), HOxyda-
g 9 Hereli ¢ pmarHosoM: peuMIuB HedpoGnactoMer (3), HedpoOnacroma (2),
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Materials and Methods. Nephrotoxicity study of chemotherapy schedules
including ifosfamide and cisplatin was performed on the basis of blood and urinary
biochemical testing of 19 children (10 boys and 9 girls) aged 5 to 16 years as made
before, during and after chemotherapy. Follow-up time varied from 2 weeks to 3
months during which the children received 1 to 3 chemotherapy cycles of 5-day
duration at intervals 3-4 weeks. Chemotherapy with ifosfamide at a cycle dose 9
g/m?and vepeside at a cycle dose 500 mg/m? was given to 9 children with recurrent
nephroblastoma (3), nephrobiastoma (2) rhabdomyosarcoma (3), advanced
Ewing's tumor (1). 3 patients from this group also received carboplatin (450 mg/m?
per cycle). The remaining 10 children with the diagnosis of osteosarcoma (4) and
Ewing's tumor (6) received cisplatin (100 mg/m? per cycle) and adriamycin (50-60
mg/m? per cycle). Besides cisplatin and adriamycin 5 children from this group
received cyclophosphamide at 1000 mg/m? per cycle and vincristine at 1.5 mg/m?
per cycle. Control group consisted of 19 practically normal children and 31 chil-
dren with benign cutaneous and subcutaneous cellular tissue lesions (cervical cyst,
pigmented nevus) and was well matched with test groups by age and gender.

Activity of enzymes with different subcellular location in renal proximal tubular
epithelium were measured such as lysosomal enzyme N-acetyl-B-D-glu-
cosaminidase (NAG), membrane-bound enzymes y-glutamyl transferase (y-GT)
and alanine aminopeptidase (AAP). The enzyme activity measurements were made
in second morning urinary portion. Creatinine concentration was measured in the
same portion. Test results were expressed in units of enzyme activity per mmol cre-
atinine. Serum urea and creatinine tests were also made. The study was performed
by optimized spectrophotometry using a Hitachi 911 (Japan) automatic analyzer.

Results and Discussion. Urinary enzyme activity tests in children
receiving chemotherapy for solid tumors before treatment were
similar to those in the control group (table 1). Except for lysosomal
hydrolase NAG whose mean urinary activity (0.57 U/mmol creati-
nine) before ifosfamide treatment was significantly (p<0.05) greater
than normal (0.33 U/mmol creatinine). Urinary enzyme activity
tests in the control corresponded to normal concentrations report-
ed in the literature [1,6,11] with no significant differences with
respect to gender or age. The baseline elevation in NAG urinary
excretion in children receiving ifosfamide might be due to the pres-
ence of primary renal cancer or concurrent renal pathology. Note,
that the highest NAG excretion in urine before chemotherapy
(0.6—0.8 U/mmol creatinine) was found in both groups in patients
with nephroblastoma while baseline enzymuria in cases with cancer
of other sites was practically normal (0.3-0.5 U/mmol creatinine).
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Puc. 1. @epmMenTbl MOYM, KPEaTUHUH U MOYEBEMHA CLIBOPOTKU KpoBM E., 7 sieT, 6ONLHOro 0CTE0CAPKOMOIA, NMOJy4aBLIero ieyeHue
UMCMIATUHOM.
a: 1 —HAT 2 — AAM, 3 — HAT kontp, 4 — AAlkontp; b: T — KpeaTuHiH, 2 — MOYEBWHA; NYHKTUPHAA JIMHKS — BEPXHSIS FPaHuLa HOPMbL. 3aech U Ha
puc. 2, 3 No OCAM OPAMHAT: 8 — aKTUBHOCTb PEPMEHTOB MOHN, €L, /MMOJIb KpeaTuHUHa; b: CieBa — KOHLEHTPaLUWs KpeaTuHUHA, MKMOIb/N, crnpasa
~— KOHLEHTpaLMsA MOYEBKHbI, MMOSIL/JT; 1O ocaM abcumce — aHn xummotepanuun. Crpenku (ans a v b) — Havano xumMmoTepanyu.

Fig.1 Urinary enzymes, serum creatinine and urea in patient E., a 7-year old boy with osteosarcoma receiving cisplatin therapy.

a: 1, NAG; 2, AAP; 3, NAGconir; 4, AAPconir; b: 1, creatinine; 2, urea; dotted line is upper normal limit. Here and in fig.2, 3 numbers on the x axis
are (a) urinary enzyme activities, U/mmol creatinine; (b) left, mcmol/l of creatinine concentration; right, memol/| of urea concentration; numbers
on the y axis are days of chemotherapy. Arrows {for a and b) mark chemotherapy start.
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Tabnuuya 2 Table 2
DepmeHTb Mo (B €8/MMOJIb KpeaTuHuHa) y AeTeli, nony4aewmx nevyenmne udbochamupom (X * s)
Urinary enzymes (U/mmol creatinine) in children receiving ifosfamide therapy (Xxs)

1

1 Kypc xumuoTepanuu Il kypc xumuorepanuu 1l kypc xuMuoTepannuu
Buoxumuieckui AeHb XUMHUOTEPANnmn
nokasarens
0 5-i1 9-i 0 5-i 9-it 0 5-i 9-i
HAT (B moue) 0,5+0,15 7,2%+4,0 1,0+£0,6 0,9+0,5 9,3%4.,8 3,3%1,2 0,8+0,4 13,3%5,8 1,8+0,9
NAG (urinary) (0,3—0,6) | (6,0—~13,7)| (0,4—1,9) | (04—1,9) | (4,5—15,1)| (2,0—4,9) | (0,44—1,2)| (9,2—17,4) | (1,1—2,8)
AAM (B moue) 2,1+0,8 6,5+4,1 3,827 3,8+2,2 8,2+2.7 5,8+2,6 3,0+1,0 10,6+2,8 8,3+2,6
AAP (urinary) (1,1—8,1) | (4,1—14,6) | (1,5—9,9) | (2,0—7,0) | (5,1—12,8) | (4,5—9,4) | (1,9—4,5) | (8,6—12,6) | (5,8—11,0)
¥-I'T 5,4%1,5 10,8+3,5 6,7+1,8 7,5+1,7 11,9241 8,5+2,8 5,7+0,9 10,0+2,0 6,6+1,2
'Y_GT (unnarY) (311—619) (616_1754) (4,2_950)) (452_815) (7:5_1414) (511_1219) (415_'618) (7:9'—12,1) (5,5—7,9)
0 5-day 9.day 0 5-day 9-day 0 5-day 9-day
Biochemical test chemotherapy day
Chemotherapy cycle | Chemotherapy cycle 1 - Chemotherapy cycle Il

MpumeuaHue. 3neck n B Tabn. 3 B cKoGKax yKasaHbl MHTEPBasIbl aKTUBHOCTY (PEPMEHTOB

pabnomuocapkoma (3), succeMUHMpoBaHHast onyxoib FOmura (1). KpoMe udochavuna u

Bemtesra, 3 Hereit 13 STOH TpYIITS! TIOTyYIATH TAICKE KApGOrIIATYTH. (450 MI/AF 32 KYpC). Vi This findings suggest that urinary enzyme measurements

0GcIeOBAHHEIX [ieTel 10 TALMeHTOB ¢ HUArHO30M ocTeocapkoma (4), omyxoms FOmrra (6) should be made repeatedly during cancer chemotherapy and com-
TIONy 2 KyPCH XMMHOTEpanTH Ha OCHOBE IcIUIatiHa (100 mr/M* 32 Xypce), BKIIOUABIINES pared with baseline values to adequately interpret the findings.

2 — . . . . .
TAIOKS Bpi? { (50—60 wr/u* 32 xypC). LIOMIMO HICTIATINA U AIpHAMUIIAR, 5 I Comparison of urinary and serum biochemical tests in

Teli W3 3ToH IPYIIIsI mosyyamy makiodgocdan (1000 Mr/m? 3a Kype) ¥ BUHKpUCTHH (1,5 . L
MI/1? 38 Kypc). KOHTpOTEHAS IpYIma, B KOTopyIo GRUM BRIIOYeHE 19 HpakTHIecKH 310po- patients receiving chemotherapy before and after treatment

BEIX HeTelt 71 31 pefeHOK ¢ HemIOKAYECTBEHHBIMY 3260NICBANMAMY KOKY M TIONKOKHOM demonstrated that ifosfamide (table 2) and platinum (table 3)
wterdatiy (GOKOBas K¥ICTa WeH, TIMTMEHTHEI HEBYC), G5U1a COMOCTABMMA 1O BOSDACTY ¥ schedules as a rule induced persistent hyperenzymuria. Enzyme

TIOJIY C AHATH3UPYEMBIMI TPYIIIAMY GOJIBHEIX, . . .
COIeOBATN ARTHBHOCTS (hepMEHTOR, MMEIONTHX PA3TIHYIO CyGKIETOLHYI0 70~ elevation was detected already after the first administration of

Ka/IM3aIHIo B SIHTENHN IPOKCAMAIBHEIX KAHANBIEB MOYKI: IM30COMATBHEN bep- nephrotoxic agents. Urinary enzyme activity was increasing to
ment N-anerwn-B-D-rexcosamunniasa (HAT), MemOpaHoCBASaHHELe QepMEHTH Y- reach maximum on chemotherapy day 4-5. The enzymuria rise
Tnyrampascgepasa (-I'T) # axasumaMuHonenTiasa (AAIL). AxmisroCTS was significant for all tested enzymes both during ifosfamide

(hCpMEHTOB ONIPEHENSM BO BTOPOH YIpeHHei TOpIMH Mouk. ONHOBPEMEHHO B STOM N N X
K€ TIOPITIHN MOYV OTPE/e/IAUIA KOHLIEHTPANUIO KPeATUHMHA. PesyTETaTH BHpaKaly B (p=0.005-0.04) and cisplatin (p=0.0003-0.01). As seen in table

Tabnuuya 3 ‘ Table 3
®epmenTtbl MOYM (B €0,/MMONDb KpeaTUHUHA) Y AeTeil, nony4yaelunx feveHue uucnnatudom (X = o)
Urinary enzymes (U/mmol creatinine) in children receiving cisplatin therapy (X+o)

| Kypc xvMuoTepanumu II Kypc xMMuoTepanuu Il kype xumuoTepanum
Buoxumueckuit AeHb XUMuoTepanuu
nokasaresnb
0 5~i1 9-i 0 5-i1 9-i1 0 - 5-i 9-#
HATI (B moue) 0,4+0,2 2,0£0,9 1,4+0,4 0,5+0,2 2,6+1,5 1,7+0,7 0,6+0,15 2,7+0,6 1,6+0,4
NAG (urinary) (0,3—0,8) | (1,5--3,5) | (0,8—1,8) | (0,3—0,9) | (1,3—5,6) | (0,9—2,5) | (0,4—0,82)| (2,2—3,5) | (1,2—2,1)
AAN (B Mo4e) 2,06+1,4 12,8%7,7 5,1x1,7 1,2+0,3 12,4%6,2 3,3+1,8 2,6+0,6 16,6+4,8 | 2,15%0,6
AAP (urinary) (1,0—5,3) | (4,3—22,6) | (4,1—8,1) | (0,8—1,4) | (7,9—19,5)}{ (1,9—5,2) | (2,2—8,5) | (18,5—19,6) | (1,7—2,6)
¥IT 53+1,5 13,046,5 6,9+1,8 5,0£0,9 14,2+7.7 6,9+1,8 5,3+0,9 15,6+4,6 6,9+1.4
v-GT (urinary) (2,8—8,3) | (7,6—27,9) | (4,9—10,0)| (3,7—5,7) | (9,2—19,9) | (4,9—10,0) | (8,7—6,0) | (10,7—21,7)| (5,3—8,7)
0 5-day 9-day 0 5-day 9-day 0 5-day 9-day
Biochemical test chemotherapy day
Chemotherapy cycle | Chemotherapy cycle I Chemotherapy cycle HI
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Puc. 2. PepmeHTB MO, KPeaTHHUH M MOYeBMHa CIROPOTKYU KPOBM GonbHOro A., 11 neT, ¢ peuvavsom HedpobracTomhl,

nonyuaguiero nevyeHuve ndochdammnaom.

a: 1 - HAI, 2 - AAT, 3 - HAT kontp, 4 - AAlMkowtp b: T - KPeaTUHWH, 2 - MOYEBYIHA, NMYHKTUPHANA IMHVS - BEPXHAA rpaHnLIa HOPMEL.

Fig.2. Urinary enzymes, serum creatinine and urea in patient A., a 11-year old boy with recurrent nephroblastoma receiving ifosfamide therapy.
a: 1, NAG; 2, AAP; 3, NAGcontr; 4, AAPcontr; b: 1, creatinine; 2, urea; dotted line is upper normal fimit.

exyHMIIAX akTusHOCTH bepMenTa Ha 1 MMONE XpeaTiHuHA. B cRIBOPOTKE XpOBH O~
DEACHUTM KOHISHTPAIMIO MOYCBHHE! U KpeaTUHuHa, VICCHeNOBAHMS BLITONHEHEl
TIPH. MCTIONB30BAHMA ONTMMU3HPOBAHHEIX CHEKTPO(OTOMETPHMIECKUX METONOB Ha
apTOoMAaTHYeCKOM aHamm3aTope «Hitachi 91 1»(noxms).

Pesymsrarsl 1 o0CyRIeHHe. AHATN3 PE3YIBTATOB UCCIEIOBAHUA
(bepMEHTOR B MOYE AeTel IIPH XUMIOTEPATINY COTIAFHBIX OIYXONeH
TI0KA34J, 9TO JI0 JieYeks aKTUBHOCTh (DepMEeHTOB IIPaKTIYECKI HE
OTIMYANACK OT IT0Ka3aTenieil KOBTPOMBHOMN IpyINIEL, IIperCTaBiieH-
BEX B Ta0n. 1. VcKmoueHre COCTaBIIa IU30CoMANbHAY THAPOa3a
HAT, cpemsss BeluYnHa AKTUBHOCTH KoTopoit (0,57 ex/mMmons Kpe-
aTHHMHA) B Mode Aereit Do nedenus udochamMumoM TOCTOBEPHO
(p < 0,05) npeBpIIaTA COOTBETCTBYIOIIMIA IT0Ka3aTel b HopMyl (0,33
ell/MMONb KpeaTuHuHa). CleyeT OTMETUTD, YTO TONYYEHHEIC HaMH
TI0KA3aTely aKTUBHOCTH GepMEHTOB MOYU B KOHTPOJNBHOH Ipyline
COOTBETCTBYIOT HMEIOLIMMCS B IuTeparype HopMaM [1, 6, 11], npu
3TOM JOCTOBEPHEIX Pasmuyyii IO TIOJTY 1 BO3PACTY He YCTaHOBJICHO.

HcxomHoe yBenmmaeHue skckpempm HATL ¢ Mo4oit y meteit, mosy-
YaBIIIX JieyeHue ntochaMuooM, MOXKeT OOBICHSTLCS HATNIUEM B
3TOM TPYIIe GOMBHEIX C IIEPBUYHEIM 30KAUYECTBEHHEIM TOPaXKEHM -
€M TIOUeK, a TaKkKe JieTell ¢ CONYTCTBYIOMMME 3a00eBaHIsIME TI0-
gek. Ciexyer OTMETHTE, YTO HauGoIee BEICOKIE YPOBHU SKCKPELIM
HAT no Havama xuvworepari (0,6—0,8 en/MMOIL KpeaTWHUHA)
GBUTH BEUIBICHE! B 00euX rpyIlIax y nerei ¢ HedbpoOracToMolt, Torga
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2 children receiving ifosfamide presented with a 14.2-, 9.5- and
16.4-fold elevation in NAG on day 5 of chemotherapy cycles I,
IT and II, respectively. Increase in membrane-bound enzyme
activity was less marked: 3.0-3.5-fold for AAP and 1.8-2.0-fold for
v-GT. There was a statistically significant rise in enzymuria after
treatment cessation as a 3.5-fold and 4-fold elevations in urinary
NAG and AAP, respectively, against baseline levels on day 9 of
chemotherapy cycle III. Increase in v-GT was not pronounced
(1.3-fold) and not statistically significant. Cisplatin chemotherapy
resulted in a similar pattern of urinary enzyme activities though the
elevation was less marked for of NAG (4.2- to 5.2-fold) and more
pronounced for AAP and y-GT (6.2~ to 10.5-fold and 2.5- to 2.9-
fold, respectively) as compared to children receiving ifosfamide.
Most patients presented with enzymuria amelioration between
cycles and normalization by the start of next cycle (fig.1).

Note, that patterns of enzyme variation were different in differ-
ent individuals depending upon site of the primary and concurrent
diseases. For instance, degree of enzyme elevation in different
patients varied within 1.2- to 23.8-fold which might be a reflection
of individual sensitivity to cytostatics and severity of renal lesion, Of
much importance in this respect is the study of lysosomal hydrolase
NAG which in the opinion of many foreign investigators is a most

Puc. 3. depMeHTbl MOYM, KpeaTMHUH U MOYEBMHa ChIBOPOTKM KpoeBu GonbHoll Fl., 6 nert, ¢ peumpvirom HedpoGnacromsl,

nony4aeuei nevyeHue ndochammaom.

a: 1 — HAT, 2 — AAI, 3 — HATkoutp, 4 — AAlTkomp b: T — KpeaTuHuH, 2 — MOYEBUHA, LUTPUXOBAs JIMHUSA — rpaHilbl HOPMBL.

Fig. 3. Urinary enzymes, serum creatinine and urea in patient P., a 6-year old girl with recurrent nephroblastoma receiving ifosfamide therapy.
a: 1, NAG; 2, AAP; 3, NAGcontr; 4, AAPconir; b: 1, creatinine; 2, urea; dashed line is upper normal limit.
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Kaurnunecxue uccaedobamus

KaK YCXONHAI (PSpMEHTYPUS IIPY 3I0KAUECTBSHHBIX OIyXOJSIX JApy-
rMx JOoKauu3an@il TPaKTHIeCKH HE OTIMYAIach OT HOPMEI
(0,3—0,5 ex/MMOITE KpeaTUHVHA). YCTaHOBIICHHET (DaKkT CBIIETEh-
CTBYeT O HEOOXOMMMOCTH MHEOTOKPAaTHOTO MCCIef0BAaHI (DEPMEHTOB
MOYH B IpOIEecce TIPOBOAMMOM XMMHOTEPAITNH C 0033 TEIbHBIM O~
pelieTieHreM HUCXOMHOM hepMEHTYPHW JUIL TOCHeAYIOLIeH aneKBar-
HOI FHTePTIPETAIMH TOJIyIeHHEIX PE3YJIBTATOB.

CpaBHUTENLHEIA AHATI3 PEIYIIETATOB UCCISIOBAHMA MOYH U CHI-
BOPOTKY KpOBM OONBHEIX Ha (DOHE XMMHOTEPAIIy 1A IOCIIE JISYSHUS
TIOKA3aJ1, YTC POBOMUMEIE KYPCHI XUMUOTeparmay Ha ocHOBe Hdoc-
davmma (Tabn. 2) u mwiaTuEEl (TaGn. 3) BBEIBIBAMM, KAaK IIPABUIIO,
cTolKyI0 rumepdepmenTypro. Ilpy cepriiroM pccienoBary OBITO
TIOKA3aH0, YTO YK€ TI0CTe ITePBOTO BBEHCHIS He(POTOKCHIHEIX IIpe~
TIaparos HaOMONATIOCH IOBBINEHIE SKCKpelyH (epMEHTOB, AKTUB-
HOCTH (bepMEHTOB B MOYe HapacTana ¥ JOCTHTaNa MaKCHMAaIbHOTO
noreeMa Ha 4—5-i leHb Kypca XMMUOTepalid. YCrIeHre dhepMeH-
Typu GBIIO JOCTOBEPHBIM I BCEX M3YICHHBIX (hepMEHTOB KaK IIpU
segervm udochavmmom (p = 0,005—0,04), Tak ¥ HUCTINATAHOM
(» = 0,0003—0,01). Kax BUIHO U3 Tabn. 2, y merel, IOIyJaBLIMX
udochamun, yposens sxckperym HAI Ha 5-it gens I, IT i III xypcos
XUMUOTeparad noesnuancs B 14,2, 9.5 u 16,4 pasza COOTBETCIBEHHO.
CreneHb YBEMIEHNS AKTHBHOCTH MEMOPaHOCBA3aHHEIX (HepMEHTOB
6ruta xoke 11 cocTapnana it AATT 3—3,5 pazau s v-1'T 1,8—2 pa-
33, OTMeYeHO TaKKe CTATHUCTIYESCKY TOCTOBEPHOE ITOBBIICHIE (hep-
MEHTYPYVH TIOCTIe OKOHYAHMS JISICHI, 3aKH0YatoNIeecs B YCHIICHUH
skckperm HAT u AATI sa 9-i1 nens 111 xypca xynmyioTepartiy 1o OT-
HONIEHIO K HICXOOHBIM YPOBHAM (DepMEHTOB COOTBETCTBEHHO B 3,5 1
4 pasa. IMosemrenwme sxckperuu y-I'T OBUIO He3HAUUTCITBHBIM
(8 1,3 pasa) u craTMCTHYECKH HeNOCTOBEpHEM. [Ipy XumvuoTeparii
IUCIUIATHHOM HAOMONamich CXOTHBIC 3aKOHOMEPHOCTH, OTHAKO
cTenieHs yerneHns skekpery st HAT 6b1a HecKoneko Hinke (0T
4,2 no 5,2 pasa), a wist AATI . v-I'T — semwe (6,2—10,5 u 2,5—2.9
Pa3a COOTBETCTBEHHO) IO CPABHEHIIO C TPYINION HeTel, Oy IaBIIiiX
udochamvun. Kpome Toro, B IepeprBax MexXIy KypcamMu y OOIbIIIAH-
CTBa GONBHEIX HAOIIONAIOCh CHIDKeHMEe (DepMeHTYPHY ¢ IIOCIECAYIO-
et HopMamsanyeil K Hagaly odepeHoro Kypcea (puc. 1).

CremyeT OTMETHTD, YTO YBe/IIEHIE aKTUBHOCTH (DEPMEHTOR B MOYE
HOCHIO MHIVBIIYATHHBIA XapaKTep, YT0 BEIPAXANOCH B IIPEMMYLUECT-
BEHHOI 3KCKperyy TOro Wi MHOro (GepmenTa. Ha THIT sRcKpeIv
MODIY OKA3EIBaTh BIMSIHIE Takye (DaKTOpHT, KaK JIOKATTH3AITHS TIepBUY-
HOJ OIYXOJM M COTIYTCTBYIOIIHE 3a00NeBaHua v meveif. Tak, cTeneHb
TIOBBINEHNUS M3YJCHHBIX (DEPMEHTOB V PARMIHEIX GOIEHEIX Konehba-
JIach B IUPOKUX TIpenenax — of 1,2 mo 23,8 paza, yro MoxeT OBITE 00yC-
JIORTTEHO MHIVBHIYTEHON YQYBCTBUTETBHOCTHIO K IUTOCTATIKAM 1, Ta-
KM 00pa3oM, OTPAKATh CTENEHD U DIYOMHY IOpaKeHIs [oveK. B sToM
acriekTe 0co0yIo 3HAMHAMOCTS TPENCTARIIST YICCTENOBAHME JIA30CO-
MaibEol Trnponassl HAT, xoTopas, 110 MHEHHIO MHOITIX 3apyOeXHBIX
aBTOPOB, ABIETC ONHIM 13 HAaNOOJMee YyBCTBUTEILHBIX MAPKEPOB I10-
paxeHus mouex [3, 5, 7]. JelcTBUTEHHO, CYMIECTBEHHOE YCIIICHHE
akckpermr HAT Habmomanoch ¥ BeeX OOIBHBIX C BRIPAKECHHOM 1T09ed-
HOM TOKCHYHOCTHIO P MPOBSICHUY MHOTOKPATHEIX KyPCOB TIOAXY-
MEIOTepary Ha ocHoBe udochavuna. Y HEKOTOpHIX feTei akTHBHOCTH
HAT nocturana 3HAYMTETHHBIX BEMYIH, HUKOIMA He 00HapyXvBae-
MBIX 10 Havaia jyedenwd (9,5—43,2 en/mMMonb KpearrHuna). CrelleHb
yeunenns srekpern ¢ Moot HAT v Taxux neteit cocrasina Gonee 15
pas, Tpy 5T0M GBUIO XapaKTePHO CTOMKOE MOBBIUICHHE aKTUBHOCTH
HAT 6e3 crHubXeHd 0 UCXOMHOTO YPOBHS, HAGMIOMAeMoro y 6ois-
IIMHCTBA GONMBHAEIX B MEICpBAAX MeXny Kypcamu. B TO ke BpeMs
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sensitive marker of renal pathology [3,5,7]. Indeed, the marked eleva-
tion in urinary NAG was observed in all patients with pronounced
renal toxicity as a result of repeated polychemotherapy including ifos-
famide. In some cases the NAG activity increased up to levels never
seen before treatment (9.5 to 43.2 U/mmol creatinine). The urinary
NAG excretion increased in these cases more than 15-fold and did
not return to normal between cycles in most of them. While excretion
of membrane-bound enzymes AAP and y-GT was less marked in
most cases (3.2- to 7.4-fold) with a relatively greater elevation in AAP
as compared to y-GT which was to a higher extent a reflection of ther-
apy toxicity. Changes in NAG and AAP urinary excretion during
chemotherapy for nephroblastoma in a 11-year old boy are demon-
strated in fig.2. There was a marked increase in urinary excretion of
NAG (6.4 U/mmol creatinine) and AAP (4.3 U/mmol creatinine)
against the baseline (0.6 and 1.1 U/mmol creatinine, respectively)
after the third administration of ifosfamide in cycle I. As seen in fig.2
the elevation was persistent; the enzyme activities did not reduce to
normal by cycle IT, and hyperenzymuria became irreversible after fur-
ther administration of carboplatin and ifosfamide. The figure also
demonstrates changes in serum urea and creatinine which increased
mildly against upper normal limits for the age in question (creatinine
88 memol/l, urea 6.4 mmol/1). For instance, creatinine increased up
to 93 memol/l after cycle I and then returned to normal, and only
after cycle IV we observed persistence of moderate creatinine eleva-
tion (79-93 mcmol/l) and a sharp rise to 158 memol/l accompanying
clinical signs of acute renal failure. Urea concentration remained
within normal limits with a mild rise up to 7.6 mmol/1 after cycle 1.

Our findings are evidence of low informative value of tests for
serum nitrogen-containing compounds as to monitoring of
nephrotoxicity in children receiving antitumor chemotherapy.
Indeed, serum urea and creatinine were within age-specific nor-
mal levels almost in all patients receiving nephrotoxic agents
and increased only when acute renal failure occurred.

Only 2 of 9 (22.2%) children receiving ifosfamide presented
with mild elevations in serum urea and creatinine. Note that in
all these cases marked hyperenzymuria was detected before
nitrogenemia rise. Serum urea and creatinine tests were within
normal in children receiving cisplatin throughout the treatment.
Fig.3 demonstrates typical changes in serum and urinary bio-
chemistry during ifosfamide therapy in a 6-year old girl with
recurrent nephroblastoma by measurements of urinary NAG
and AAP and serum urea and creatinine.

There was a significant rise in enzymuria reflecting a possible
toxic effect of ifosfamide on kidneys which also manifested itself
as proteinuria, microhematuria, renal function impairment as
found by renography. At the same time serum urea and creatinine
tests remained within normal throughout the study. The elevated
urinary enzyme activity against the background of normal serum
urea and creatinine tests suggests that enzymuria may be consid-
ered the earliest evidence of nephrotoxicity of antitumor therapy
which is in agreement with other authors' findings [4,6,7,9].

The conclusion may therefore be made that enzymuria
depends upon individual peculiarities of metabolism of anticancer
agents in different patients, in particular upon their accumulation
in plasma which adds to the value of urinary enzyme activity test-
ing in preclinical nephrotoxicity diagnosis.

The enzymuria variability which is specific first of all for mem-
brane-bound enzymes makes doubtful the use of only normal




Clinical Investigations

SKCKpepst MemOpanocessaHHbIX depMeHToB AAIL 1 v-I'T B GO~
LIVHCTBE CITy4acs MMelTa Gonee yMepeHHBIN XapaKTep, YTO BEIPaKAIoch
B yBeymaueHviy akTrBHOCTH V-1 11 AATI B 3,2—7,4 pasa, npideM you-
JieHye srekperwri AATT rio cpasreHo ¢ v-1'T B GompITeli cTeIeHH OT-
PaXayo TORCHIECKOe BO3eiicTRIe TIpOBORMMOL Teparmu. VimocTtpa-
UMEH 3HAYMMOCTHL WICCHCMOBAHMA aKkTMBHOCTH ()epMEHTOB B MOdUe
sIBseTed puc. 2, rie HamprmMepe HAT u AATI pocneske Hbl U3MEHEHUS
depMeRTYpHH B TIPOIIECCe XMMIOTEPATHY PEIlBa HetpobiacToMbL
y Manpauika 11 et 3HauurensHoe yerIeHre SKCKpeImi hepMeEHTOB ¢
MOYOJA IO OTHOIIEHIIO K BcxomHoMy yposaio (HAT — 0,6, AATT — 1,1
e1l/MMOJIb KpeaTHHUHa) 010 OTMEYEHO B OTBET Ha TPETEE BBEACHUIC
udochavuma mpu I xypee xumvuoTeparmy, Korna akrueHocts HAT i
AATI coorBeICcTBOBANH 6,4 11 4,3 e1i/MMOIb KpeaTrkniHa. Kax BUIHO Ha
puc. 2, miepdepMeHTyprsi OBUTA YCTOMIMBOM HA BCEM TIPOTSXEHUHU
ucenenopaps 063 crnkerws K Hadaiy 11 xypea, a Ha dhoHe HocIenyro-
mpx BBeAcHMit KapGomatuaa 1 udochavyma rvmephepMEeHTypUst
TipuoBpena HeoOpaTrMbnt xapakTep. Ha prcyHke oro0paxeHa Takxke
JIHAMUKA M3MEHEHMS KOHLIGHTPALY KPeaTHIHA W MOYSBUHEL ChHI-
BOPOTKH KPOBM, ITOBBITICHIE YPOBHST KOTOPBIX ITO OTHOLICHIIO K BEPX-
HUM TPAHUIAM YCTAHOBICHHOH B HaIlleM HICCIEHOBAHVI BO3PACTHOM
HOPMEL I KpeaTHHmHa (88 MKMOITh/)r) ¥ MOUeBHEEL (6,4 MMOIB/IT)
OBIIO HEsHAYMTENEEEBIM. Tak, yporeHh XpearnHuHa Ha dore I xypea
TIOBBIIIANICS OMHOKPATHO A0 93 MEMOIIE/J € IOCHENYIONIEH HOpMal3a-
1Ml ¥ e Ha dore IV kypca yMepeHHoe yBeIYeH e KpeaTHHUHA
(79—93 MrRMOMB/T) OBUTO CTAOWIEHBIM ¢ PE3KIM TIOXBEMOM B0 158
MKMOJTh/JT, COTIPOBOKAABIIVIM KIIVHIIECKME TIPU3HAKY OCTPOi TI0Yey-
HOM HemocTarouHocTH. KoHIleHTpaysl MOYCBUHEI TIPH TOM ORI
TIPAKTIYECKH B TIPENENaX JCTCKOM HOPMBI C HE3HAYUTETBHBIM YBEIIIIS -
HueM o 7,6 MMons/t Ha dore IT xypea.

AHAN3 Pe3YIIBTaToOB OTPENENCHAs KOHICHTPAIHI a30TCOTEPKa-
LUK TTOKA3aTeNell CHIBOPOTKY KPOBH Y AETEH B IIPOIECCE MPOTUBO-
OTIYXOJIEBOTO JISYCHMS CBHIETENBECTBYET 00 UX HU3KOM YYBCTBUTEb-
HOCTH, TIOCKOJIBKY KPEATHHMH ¥ MOYSBHHA OCTAaBAUCH B TIPEACHax
JIETCKOM HOPMEI TIOYTH Y BeeX GOMBHBIX, MOJIYIABIIHX TIPETIapaTsl, 06-
JAnAIOLUHe TIOYEYHOM TOKCHYIHOCTHIO, 4 TIOBBIIATIVCE JIIIH IIPY Pa3-
BUTHM OCTPO TIOYEUHOM HEFOCTATOTHOCTH. YMEPEHHOE YBEIIIeHIe
ypoBHell a30TCOIEPRALX COSAUHEHII CHIBOPOTKH KPOBY IO CPAB-
HEHMIO ¢ BO3PaCTHOM HOpMO#i OBUI0 oTMedeHo s v 2 (22,2%) 3 9
Jereit, nomygasix udochamMun, Ipy 3TOM HApacTAHWIO a30TEMUH
BO BCEX CITyYasiX TIPEIIECTBOBAIA BRIpAXKEHHAS THIIephepMeHTypHSL.

Ha puc. 3 orpaxkena TATVIHAL HAMUKA U3MEHESHIS OHOXIMITIe-
CKUIX TIOKA3aTeNlelt CHIBOPOTKY KPOBM ¥ MOYH TIpH Jievervu udoccha-
MYIOM permmyBa HehpoOIACTOMBI y IEBOYKH 6 JIeT Ha OCHOBAHIM pe-
3yABTaTOB cepuitnoro onpenencHus HAI m AAIL B moue, a
KDeaTHHIHA ¥ MOUYCBHHEL — B CHIBOPOTKE KpoBH. IlpH mpoBemermm
TpeX KyPCOB XMMMOTEPAITI OTMEYEHO SHAYUTENbHOE YerieHre dep-
MEHTYDYH, OTPasKaBIIee BO3MOKHOE TOKCHUYECKOe BosneiicTue udoc-
(bamuina Ha IIOYKH, YTO TAKCKe TPOSIBIIIOCH B IIPOTSHHYPHH, MIKpPOTre-
MaTypPHH, CHIDKEHIY (DyHKII TIOYKY 110 JaHEBIM peHorpaduL.

B 0 3X¢ BpeMst KOHIICHTPALH KPeaTHHHUHA ¥ MOYCBHHE! OCTa-
BaJIaCh B HOPME Ha BCeM IIPOTKEHUM Hccienosanmnd. dakr yee-
JTAYEHYSI aKTUBHOCTH (QEPMEHTOB B MOYE TP HOPMATBHEIX a30T-
COMCPXALIUX II0KA3aTeNAX B CHIBOPOTKE KPOBU IIO3BOJISAET

. pacuieHUBaTh PepMEHTYPIIO KaK Hauboee paHHIH Ipyu3Hax Hed-

POTOKCHYHOCTH IPOTHBOOIYXONEBHX Npenaparos [4, 6, 7, 9].
@epMEHTYPHS 3aBUCUT OT OCOGEHHOCTE! MeTa0OonU3Ma XUMHUO-
TIPETIApaToR ¥ Pa3sHbIX GOJBHEIX, B YACTHOCTH OT BO3MOXKHOTO HX
HAKOIUICHMS B IINasMe, YTO ITOBBIIACT 3HAYMMOCTD ONIPCACIICHMA

limits in evaluation of nephrotoxicity due to chemotherapy in individ-
ual patients. It is necessary to measure urinary enzyme activity before
treatment to compare these measurements with on-therapy findings.
In conclusion, elevation of urinary enzyme activity is an early and
most sensitive test of nephrotoxicity due to anticancer chemothera-
py. Marked (>10-20-fold) increase in enzymuria against baseline val-
ues or associated elevation of urinary enzymes and serum urea and
creatinine are factors of marked nephrotoxicity requiring urgent
desintoxication or even femporal discontinuation of chemotherapy.
Measurement of individual enzymes, in particular y-G'T, may enlarge
considerably the available armamentarium of non-~invasive nephro-
toxicity tests and help in early detection of this severe complication.

aKTHBHOCTU (DEPMEHTOB MOYH B JOKIUEHHICCKOMN THATHOCTHKE
HePOTOKCHUIHOCTH.

BapuaGensHOCTh hepMEHTYpUY, XapaKTepHasI IIpeXIe BCEro
Uit MeMOpaHOCBSI3aHHEIX (hEPMEHTOB, CTABUT IION, COMHEHME
BO3MOXHOCTh TIPUMEHEHUS TONBKO HOPMABHEIX BEIIATME IS
VHIVBHAYATBHON OUEHKM TOKCHYECKOTO BOSNEHCTBUA XAMMO-
TIpenapaToB Ha 10YKH GonsHoro. HeobxomMo onpepenerue ak-
THBHOCTH (hepMEHTOB B Mode Y GONBHEIX Tepes HAYaroM JeUeH s
C LIEJIBIO IIOCICAYIOLISTO HMCTIONE30BaHYS ITONYIeHHEIX 3HAYSHYN
IS CpaBHEHMS C TIOKA3ATEIIIMYL B IIPOLIECCe JICUSHUS ¥ OTISHKH
BEIPAXXEHHOCTH rrrIephepMeHTypHH.

TakuM ofpazoM, yBeTdeHIe aKTHBHOCTH (GepPMEHTOB B MOoue
SRISIETCS PAHHYM U HauOosee IyBCTBUTENHHBIM TIPU3HAKOM Hed-
POTOKCHMIHOCTY TIpeTiapatoB, MHOrokpatHoe (> 10—20 pa3 B 3aBH-
CAMOCTH OT UCCIEIYEMOTO (bepMEHTa) TIOBEIIEHNE hepMEeHTYPHI
TIO OTHOIISHITO K MCXOTHOMY VPOBHIO MM COYETAHHOE YBEJTMUEHIS
AKTUBHOCTH (DEPMEHTOB MOUM M KPeaTHHIHA CHIBOPOTKH KPOBU
crenyer cuuTarth GakTopaMy BEIPAXEHHON HehpOTOKCHIHOCTH,
TPeOYIOMMMH HPOBEIEHUA CPOYHBIX HESHHTOKCHKAIMOHHEIX. Me-
POIIPHSITII WA JIaKe BpeMEHHOM OTMEH®I ITpenapara.

Hccneposanue oTIeNbHBIX GEPMEHTOB, B YacTHOCTH Y-1'T,
MOXeET IOIONHMTE apCeHAll UMEIONIIXCS B HACTOAIIEe BpeMs
HEUHBA3WBHHIX TECTOB B OIIEHKE HE(DPOTOKCUIHOCTH.
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