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Summary. To investigate the effect of high-dose cisplatin 
(40 mg/m 2 daily for 5 days), 51Cr-EDTA clearance was 
used as a measure of glomerular filtration rate (GFR). 
51Cr-EDTA clearance decreased significantly from 
109 + 3 ml/min * 1.73 m 2 to 68 + 3 ml/min * 1.73 m 2 after 
three cycles of cisplatin and remained at this decreased 
level during the observation period (24 months). To deter- 
mine the reliability of creatinine as a measure of GFR, we 
compared the simultaneous clearance of creatinine to that 
of 5~Cr-EDTA. A good correlation between 51Cr-EDTA 
clearance and creatinine clearance was observed before 
and 3 months after termination of treatment, but no corre- 
lation was found during treatment. S-creatinine decreased 
significantly during treatment, probably due to muscle 
wasting. We conclude that s-creatinine and creatinine 
clearance are unsuitable measures of glomerular function 
during high-dose cisplatin treatment. All patients devel- 
oped proteinuria during treatment. The changes in clear- 
ance ratios of beta-2-microglobulin/albumin and IgG/al- 
bumin show that the proteinuria observed during cisplatin 
infusion is predominantly of tubular origin, whereas the 
proteinuria between the treatment periods is mainly of glo- 
merular origin. 

Introduction 

Cis-diamminedichloroptatinum(II) (cisplatin) has been 
proven very effective in the treatment of patients with 
germ cell tumors [4, 21]. 

Several groups [5, 9, 13, 20] have investigated the acute 
and long-term nephrotoxicity after "low" doses of cis- 
platin (20 mg/m 2 body surface area daily for 5 days), and a de- 
crease of 12.5%-23% in glomerular filtration rate (GFR) 
has been found. In 1984 Ozols et al. [21] stated that high- 
dose cisplatin (40 mg/m 2 daily for 5 days) could be given 
without any increase in s-creatinine or decrease in creati- 
nine clearance by using vigorous saline hydration and 3% 
saline as the vehicle for drug delivery. This has been con- 
firmed in another study using s-creatinine as a measure of 
kidney function [28]. 

The protective effect of hypertonic saline given in com- 
bination with cisplatin was first described in a study on 
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rats by Litterst [18]. Others have also suggested an im- 
provement in the therapeutic index of cisplatin by in- 
creased urinary chloride excretion [3, 8]. 

The aim of the present study was, first, to investigate if 
s-creatinine and/or  creatinine clearance truly monitor 
sudden changes in glomerular function in this group of- 
patients. Therefore, these variables were compared with 
the GFR as measured simultaneously by 51Cr-EDTA 
clearance during treatment. Second, the nephrotoxicity 
observed after a high-dose cisplatin regimen was com- 
pared to that of a low-dose regimen by the changes in 
51Cr-EDTA clearance in the two groups after the same 
cumulative doses. Third, in order to localize the site of ac- 
tion of cisplatin responsible for the proteinuria induced by 
high-dose cisplatin, clearance ratios of beta-2-micro- 
globulin/albumin and IgG/albumin were measured dur- 
ing the treatment period. 

Materials and methods 

Thirty patients with poor prognosis, germ cell tumors [4] 
were treated with a three-drug combination chemotherapy 
regimen consisting of 40 mg/m 2 cisplatin and 200 mg/m 2 
VP-16 (etoposide) days 1-5 every 3 weeks and 15 mg/m 2 
bleomycin every week. The patients were extensively hy- 
drated throughout the 5 days of platinum treatment, re- 
ceiving 200 ml isotonic saline/h. The cisplatin was mixed 
in 250 ml 3% sodium chloride and was given over 30 rain, 
followed by 500 ml 20% mannitol. At least three courses of 
this combination were given to all patients. 

The median age of the patients was 35 years (range, 
20-52 years). The Median cumulative dose of cisplatin 
was 1200 mg (range, 800-1200 rag). None of the patients 
had a previous history of kidney disease, and all initially 
had normal blood pressure (140-100/95-70 mmHg). 

The decrease in GFR in the high-dose cisplatin group 
was compared with the decrease observed in 41 patients 
treated with low-dose cisplatin (20 mg/m ~ daily for 5 days, 
combined with 100 mg/m 2 VP-16 daily for 5 days and 
15 mg/m 2 bleomycin every week). These patients were hy- 
drated with 175 ml isotonic saline/h. Cisplatin was mixed 
with isotonic saline and the median cumulative dose was 
800 mg (680-840 mg). The median age for this group was 
31 years (19-58 years), and all had a normal 51Cr-EDTA 
clearance (78-130 ml/min * 1.73 m 2) and normal blood 
pressure before chemotherapy. Renal functional variables 
were followed during treatment as stated in Table 1. 
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Table 1. Measurements performed in each treatment cycle 

Day 0 1 5 6 8 9 11 16 No. of 
patients 

Cisplatin administration x x x x x 30 
S-creatinine x x x x x x 30 
S-urea x x 30 
U/P albumin x x x x 8 
U/P beta-2-microglobulin x x x x 6 
U/P IgG x x x x 8 
Creatinine clearance x x 19 
s~Cr-EDTA clearance x x 30 

U/P = urine-to-plasma ratio 

G F R  was measured by 5~Cr-EDTA clearance as de- 
scribed by Groth and Aasted [12]. Creat inine clearance 
was determined as the ratio between ur inary creatinine 
excretion rate and p lasma creatinine concentrat ion.  Creat- 
inine in urine and p lasma was measured by autoanalyzer  
as total chromogens by the Jaffe reaction [16]. 

Fract ional  clearances of  beta-2-microglobul in (b-2-m) 
(mol. wt. 11,800)/albumin (mol. wt. 69,000) and IgG (mol. 
wt. 150,000)/albumin were used for determining disorders  
in renal handl ing of  p lasma proteins.  The fract ional  clear- 
ances were estimated as: C p r o t / C a l b u m i n  = ( U : P ) p r o t /  
(U:P)  albumin,  where U : P  refers to the ur ine- to-midpoint-  
serum-concentrat ion ratios of  b-2-m, albumin,  and IgG, 
and prot  refers to b-2-m or IgG. Urine was collected in 
24-h periods,  and urine and serum samples were stored at 
- 20 ° C until analyzed.  

Urine samples for b-2-m were collected in bottles con- 
taining TRIS-buffer  solution (Sigma, St. Louis, USA) to 
adjust  urine pH at 6 - 7 .  The total quanti ty of  b-2-m in 
urine and serum was measured using the enzyme-l inked 
immunosorbent  assay [1]. Albumin in urine and IgG in 
urine and serum were measured by single radial  immuno-  
diffusion [19]. Rabbi t  antisera for this were obta ined  com- 
mercial ly (Dakopat ts  A 001 and A 090). Serum albumin 
was determined on the SMA-12/30  using bromocresol  
green [7]. 

Statistics. Student 's  t-test for pai red  data  and an analysis 
of  variance were used for statistical analyses. Bonferroni ' s  
correction method for mult iple compar ison  [29] and the 
0.05 level of  significance were used. Values are expressed 
as mean +_ SEM. 

Results 

Figure 1 shows the changes in 51Cr-EDTA clearance in 
percent  of pretreatment  values. G F R  suffered progressive- 
ly during each course of  treatment,  and after three cycles 
the average values had decreased significantly from 
109+3 m l / m i n  * 1.73 m ~ to 6 8 + 3  m l / m i n  * 1.73 m 2. At 
the end of  treatment,  more than one-third of  the patients 
had a decrease of  50% or more in S~Cr-EDTA clearance. 
No  significant differences were observed between the val- 
ue of  S~Cr-EDTA clearance obta ined just after terminat ion 
of  t reatment and the values obta ined 3 months after treat- 
ment (70+_3 m l / m i n  * 1.73 m2). F r o m  3 to 12 months after 
terminat ion of  treatment,  a small  but  significant increase 
in ~ICr-EDTA clearance was recorded ( 7 0 + 3 - 7 6 + 3  m l /  
min * 1.73 m2). 

Although s-creatinine increased during the first cycle 
of  chemotherapy (from 92_+ 3 txmol/1 to 99 + 5 ~mol/1), it 
d id  not show a pat tern corresponding to a steadily decreas- 
ing renal function (Fig. 1). Thus, before the second and 
third cycles, a significant decrease in s-creatinine was ob- 
served compared  to the pretreatment  value. In contrast,  3 
months after terminat ion of  treatment,  a significant in- 
crease was observed in s-creatinine, which remained at this 
significantly increased level during the observat ion peri- 
od (24 months). 

Figure 2 shows the inadequacy of  s-creatinine to char- 
acterize the actual funct ional  stage in the patients during 
the process of  g lomerular  deteriorat ion.  For  96% of  the pa- 
tients with a modera te ly  decreased 51Cr-EDTA clearance 
(58-78 m l / m i n  * 1.73 m2), s-creatinine was normal.  This 
was also the case in 68% of  those with considerably de- 
creased 51Cr-EDTA clearance (34-57 m l / m i n  * 1.73 m2). 

During the full t reatment  period,  when 51Cr-EDTA 
clearance decreased steadily, creatinine clearance re- 
mained  unchanged (107 + 6  m l / m i n  before chemotherapy 
and 94 + 4 m l / m i n  after three cycles). Thus, the correlat ion 
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Fig. 1. Percent changes in 5tCr-EDTA clearance and s-creatinine 
compared to pretreatment values during and after termination of 
treatment. B. before treatment cycle (day 0); A, after treatment cy- 
cle (day 9); *, P <0.05 compared to pretreatment value 
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Fig. 2. S-creatinine levels vs. 5~Cr-EDTA clearance in 30 patients. 
The line (© ©) represents the hypothetical relationship be- 
tween glomerular filtration rate and s-creatinine, assuming that 
creatinine is excreted solely by glomerular filtration. In this hypo- 
thetical case, the initial s-creatinine = 90 gmol/ l  and 5~Cr-EDTA 
clearance = 120 ml/min * 1.73 m 2, respectively. The broken line 
( . . . . .  ) represents the upper limit of normal s-creatinine in our 
laboratory (130.umol/1). • represents values obtained during 
treatment and • values after termination of treatment 
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Fig. 3. Correlation between creatinine clearance and 5~Cr-EDTA 
clearance, x = values day 0 and • values day 9 

coeff ic ient  for the two var iables  went  f rom high ( r = 0 . 8 6 ;  
s lope  o f  regress ion l ine = 0.91) dur ing  the first t r ea tmen t  
cycle to low ( r = 0 . 2 8 ;  s lope o f  regress ion l ine = 0.16) 
dur ing  the third t r ea tment  cycle (Fig. 3). Three  mon ths  af- 
ter  t e rmina t ion  o f  t rea tment ,  a s ignif icant  cor re la t ion  be- 

Table 2. Urinary excretion rates of beta-2-microglobulin (b-2-m), albumin, and IgG, and the fractional clearance ratios of b-2-m/albumin 
and IgG/albumin 

Urinary excretion of Clearance ratios of 

b-2-m rag/24 h albumin rag/24 h IgG rag/24 h b-2-m/albumin IgG/albumin 

lstcycle day 0 0.04_+ 0.02 2+  1 0.2_+ 0.2 421_+ 122 0.01-+0.01 
day 6 18.94___ 8.83* 80-+ 37 2.1_+ 1.1 31651_+30073* 0.05+0.03 
day 9 0.16-+ 0.08 581+176" 66.7-+25.1" 7_+ 3* 0.18_+0.06" 
day 16 1.82+ 1.03" 164+ 79 8.2-+ 7.6 224+ 12l 0.04_+0.02 

2ndcycle day 0 0.07_+ 0.03 20+ 12 0.5_+ 0.4 270_+ 139 0.01_+0.01 
day 6 38.54_+19.38' 119_+ 56 11.2_+10.3 9607+ 5082* 0.06_+0.05 
day 9 0.14-+ 0.03 552_+241" 50.8_+31.0 9-+ 5* 0.16-+0.05" 
d a y l 6  1.26_+ 1.16 183_+ 64 4.5_+ 2.4 201_+ 143 0.04_+0.03 

3rdcycle day 0 0.17_+ 0.08 54_+ 15"* 1.5_+ 1.5 100_+ 78 0.06_+0.06 
day 6 10.64_+ 2.70* 252_+ 62 0.8_+ 0.8 11932_+ 7029* 0.01_+0.01 
day 9 0.12_+ 0.08 310_+142 56.3_+20.6* 8_+ 4* 0.36_+0.08* 
day l6 9.32_+ 6.83 208_+ 81 41.8_+31.4 370_+ 260 0.28_+0.16 

* P < 0.05 compared to day 0 within the same cycle 
** P <0.05 compared to day 0 in the 1st cycle 
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tween creatinine clearance and 5~Cr-EDTA clearance was 
found again (r=0.78; slope 1.05). 

Low-dose therapy. The comparison between high- and low- 
dose regimens showed that after a cumulative dose of 
200 mg/m 2 cisplatin, the 5~Cr-EDTA clearance decreased 
significantly more (P <0.05) in the high-dose group 
(15.1+3.6 ml/min) than in the low-dose group 
(6.8+2.2 ml/min). After 400mg/m 2, the decrease was 
30.5±2.9 ml/min and 12.8±2.6 ml/min,  respectively 
(P < 0.0005). 

S-urea increased significantly during each treatment 
cycle but reached normal values before the next cycle. 
However, 3 months after the last course it had reached a 
significantly elevated level, i.e., 43_  11% above pretreat- 
ment values. 

Table 2 presents the urinary excretion rates of b-2-m, 
albumin, and IgG and the clearance ratios of b-2-m/albu- 
min and IgG/albumin. A significant increase was ob- 
served in the b-2-m urinary excretion rate on day 6, and at 
the same time a significant increase in the b-2-m/albumin 
clearance ratio was observed. This clearance ratio de- 
creased significantly on day 9 in all three cycles. The uri- 
nary excretion rate of IgG increased on day 9, with a signi- 
ficant increase in the first and third cycles. At the same 
time, a significant increase in the IgG/albumin clearance 
ratio was obtained in all three cycles. 

Discussion 

The main finding of the present study was that the GFR 
suffers significantly during cisplatin treatment, and more 
so with large than with small single doses at the same cu- 
mulative doses. No nephrotoxicity for either VP-16 or bleo- 
mycin has previously been described [6], suggesting that 
the decrease in GFR in the present study can be attributed 
to cisplatin. Second, neither s-creatinine nor creatinine 
clearance reflects the deterioration of GFR as measured 
with 5~Cr-EDTA. Third, the proteinuria caused by cis- 
platin treatment is of a different character during and be- 
tween treatment cycles. 

Several authors have discussed whether the decrease in 
GFR depends on the amount of cisplatin delivered as a 
single dose or whether the decrease in kidney function de- 
pends on the cumulative dose delivered. The present study 
shows that after a cumulative dose of 400 mg/m 2, patients 
treated with low-dose cisplatin had a significant decrease 
in GFR that was significantly less than the decrease in pa- 
tients treated with high single doses. This observation sug- 
gests that when cisplatin is given for 5 days the decrease in 
GFR is dependent on the size of the single dose. The de- 
crease in 5~Cr-EDTA clearance occurred in spite of the use 
of 3% saline as the vehicle for cisplatin in the high-dose 
group. Thus, hypertonic saline as a vehicle for cisplatin 
does not seem to abolish the decrease in GFR, an observa- 
tion in agreement with that of Legha et al. [17]. 

The present study clearly demonstrates that when the 
GFR undergoes dynamic changes, s-creatinine cannot 
keep pace and does not reflect the real situation in the 
transition phase. Figures 1 and 2 demonstrate this. The 
early rise in s-creatinine can be explained as being due to 
muscle wasting, and the subsequent decrease during the 
second and third treatment cycles might reflect a low pro- 
duction rate due to the loss of muscle mass. Actually, dur- 

ing three treatment cycles these young patients suffered 
an average weight loss of 10-35+ 1.04kg. However, 3 
months after termination of treatment, body weight was 
normalized compared to the pretreatment value and a 
significant increase in s-creatinine was observed. Further- 
more, s-creatinine values will tend to drag behind the actu- 
al changes in renal function, since it will take some time to 
fill the large distribution volume for creatinine in the body 
above normal concentration values. These are well-known 
facts, previously described in postoperative patients [14]. 
Also, it has previously been shown that s-creatinine is a 
very insensitive measure of changes in GFR when the lat- 
ter occurs in a moderately reduced range [26], relevant for 
the present group of patients. 

The fact that creatinine clearance stayed constant dur- 
ing the whole period may seem surprising, but many fac- 
tors are known to affect this parameter, which is not a sim- 
ple reflection of GFR. It has previously been shown that 
an increase in the absolute tubular secretion of creatinine 
in patients with a moderate reduction of GFR maintains 
creatinine clearance in a normal or near-normal range and 
serves to delay the predicted hyperbolic rise above normal 
values of the s-creatinine level as the GFR falls to approxi- 
mately half normal [26]. Also, during rapid changes in re- 
nal function and during conditions with progressive mus- 
cle waste, a poor correlation between changes in GFR and 
creatinine clearance is observed. In the present study, an 
agreement between 51Cr-EDTA clearance and creatinine 
clearance was found in the pretreatment phase with nor- 
mal values, and in the late post-treatment phase with re- 
duced values (Fig. 3). Between these phases, however, 
creatinine clearance is affected by changes in the produc- 
tion rate. The poor correlations between 51Cr-EDTA clear- 
ance, s-creatinine, and creatinine clearance have also been 
described in children treated with cisplatin [30]. 

Proteinuria in combination with cisplatin treatment is 
not mentioned very frequently [2, 5, 15, 25, 27]. Flemming 
et al. [10] found a small increase in urinary albumin and 
IgG excretion 1-5 days after low-dose cisplatin treatment, 
but after different cumulative doses. In the present study, 
all patients developed some degree of proteinuria. Peter- 
son et al. [22] observed a high b-2-m/albumin clearance ra- 
tio in tubular proteinuria, an intermediate in normal sub- 
jects, and a low ratio in glomerular proteinuria. Therefore, 
the data given in Table 2 suggest that the proteinuria oc- 
curring during the cisplatin infusion (day 6) is mainly of 
tubular origin, whereas the proteinuria observed between 
the infusions is mainly of glomerular origin. 

Glomerular or renal vascular lesions have not been re- 
ported in combination with cisplatin treatment [11, 23]. 
The increase in the IgG/albumin clearance ratio might be 
related to biophysical influences such as hemodynamic 
and charge-selective characteristics of the glomerular cap- 
illaries, causing changes in the permeability of the glomer- 
ulus to macromolecules [24]. These alterations may not be 
detected by conventional electron microscopic methods 
that are used to examine diseased glomeruli. 

In conclusion, a significant and permanent decrease in 
GFR as measured by 5~Cr-EDTA clearance is observed af- 
ter treatment with high-dose cisplatin. Hypertonic saline 
does not abolish this decrease, which is dependent on the 
size of the single dose. S-creatinine and creatinine clear- 
ance are unsuitable as measures of kidney function in this 
group of patients. 
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The proteinuria observed during cisplatin infusion is 
predominant ly  of tubular origin, whereas the proteinuria 
occurring between the treatment periods is mainly of  glo- 
merular origin. 
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