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Estimating GFR in Adult Patients with Hematopoietic
Cell Transplant: Comparison of Estimating Equations
with an Iohexol Reference Standard
Sangeeta Hingorani,*† Emily Pao,* Gary Schoch,† Ted Gooley,† and George J. Schwartz‡

Abstract
Background and objectives Formal evaluation of kidney function before and after hematopoietic cell transplant is
important to determine conditioning regimens, type of transplant, and medication dosing. Serum creatinine and
estimating equations may not accurately assess kidney function.
Design, study, participants, & measurements Existing estimating equations for GFR were compared with an
iohexol measure of GFR in a prospective cohort study of 50 patients undergoing hematopoietic cell transplant and
subsequent care at the Fred Hutchinson Cancer Research Institute from 2009 to 2013. Patients underwent iohexol
GFR, serum creatinine, and cystatin C determination at baseline and day 100 posthematopoietic cell transplant.
Iohexol GFR measurements were compared with the CKD Epidemiology Collaboration, Inker CKD
Epidemiology Collaboration cystatin C with and without serum creatinine, Modiﬁcation of Diet in Renal
Disease, and Cockcroft–Gault estimating equations using Bland–Altman analysis and McNemar’s test. The
iohexol measurements were also compared with blood samples collected simultaneously on ﬁlter paper.
Results Mean differences between iohexol GFR and eGFR on the basis of Bland–Altman analyses ranged from
220.6 to +15.4 ml/min per 1.73 m2 at baseline and 212.7 to +12.9 ml/min per 1.73 m2 at day 100. The CKD
Epidemiology Collaboration and Modiﬁcation of Diet in Renal Disease estimating equations classiﬁed 64% of
patients with a GFR,90 at baseline compared with 38% by iohexol GFR (P=0.003 and P,0.01, respectively).
No statistically signiﬁcant differences were seen at day 100. The ﬁlter paper GFR had a mean difference of
0 at baseline and 5.9 at day 100. Additionally, 21%–37% and 57%–89% of eGFRs were within 10% and 30%,
respectively, of the iohexol GFR at baseline, and 16%–34% and 72%–84% were within 10% and 30%, respectively,
of the iohexol GFR at day 100; 98% of the ﬁlter paper estimates at baseline were within 30%, and 46% were within
10% of iohexol GFR.
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Conclusions The estimating equations are neither accurate nor precise in the hematopoietic cell transplant
population, and clinical decision may require measurement of GFR.
Clin J Am Soc Nephrol 10: 601–610, 2015. doi: 10.2215/CJN.06470614

Introduction
Decisions regarding the components of hematopoietic
cell transplantation (HCT; conditioning regimens, type
of transplant [reduced intensity versus myeloablative],
and post-HCT immunosuppressive drugs) are often on
the basis of kidney function. Traditional methods to
measure kidney function and GFR in this patient
population are almost exclusively on the basis of serum
creatinine (Cr), despite its inaccuracy in patients with
mild renal insufﬁciency, malnutrition, muscle wasting,
or cancer and the elderly (1,2). Patients undergoing an
HCT may have ﬂuctuations in their nutritional status,
muscle mass, and weight that inﬂuence serum Cr and derived estimating equations (3,4). Patients are also routinely given prophylactic trimethoprim/sulfamethoxazole
post-HCT, which interferes with tubular transport of Cr
and may lead to increases in serum Cr that do not reﬂect
actual changes in GFR (5).
www.cjasn.org Vol 10 April, 2015

One alternative to Cr-based estimates is cystatin C
(CysC), a cysteine protease inhibitor expressed by all
nucleated cells and freely ﬁltered by the glomerulus.
Although serum CysC correlates well with measured
GFR and may more accurately measure kidney function
than serum Cr in the elderly, patients with cancer, patients
with diabetes, and recipients of renal transplants, it is
inﬂuenced by age, sex, inﬂammation, calcineurin inhibitors, and prednisone use (2,6–10).
The most accurate measurements of GFR use clearance of substances, such as inulin, EDTA, technetium99-diethylenetriamine penta-acetic acid, iothalamate, or
iohexol. However, these studies are expensive and time
intensive, which limits their clinical usefulness. On the
basis of the difﬁculties inherent in using serum Cr and
the importance of an accurate measure of kidney
function for clinical management of patients undergoing
HCT, we compared Cr- and CysC-based GFR-estimating
Copyright © 2015 by the American Society of Nephrology
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equations with GFR measured by plasma iohexol disappearance. The objective of this study was to identify an accurate
clinical method for evaluating GFR in patients with HCT, with
iohexol GFR (iGFR) as the reference standard. We also
compared blood spots placed on ﬁlter paper to calculate GFR
in patients as a potential alternative method to measured GFR,
where patients could collect the 2- and 5-hour time points at
home after receiving the iohexol infusion at their physician’s
ofﬁce or infusion center. The ﬁlter paper could then be mailed
in for analysis.

Materials and Methods
Patient Selection
We conducted a prospective cohort study of patients
undergoing an HCT at the Fred Hutchinson Cancer Research
Center from 2009 to 2013. Patients .2 years of age at the time
of transplant who were receiving their follow-up care in
Seattle were eligible for this study. Patients were excluded
if they had an allergy to iodine or were unable to return to
Seattle for the 1-year follow-up visit. The study was reviewed and approved by our Institutional Review Board,
and all participants and parents provided written informed
consent. Only baseline and day 100 data in the adults are
presented in this paper.
Technique of HCT
All patients undergoing HCT received a preparative
conditioning regimen followed by infusion of donor hematopoietic cells. Myeloablative regimens were cyclophosphamidebased (with either total body irradiation [TBI] or targeted
busulfan) for allogeneic transplants; recipients of autologous
grafts received a number of different regimens. Reducedintensity conditioning regimens consisted of ﬂudarabine
and TBI at 2–4 Gy (11). The kidneys are not shielded during TBI. Recipients of allogeneic grafts received prophylaxis against acute graft-versus-host disease (GVHD) with
cyclosporin or tacrolimus plus methotrexate, sirolimus, or
mycophenolate mofetil (12). These immunosuppressive
agents are tapered off around day 80 if there is no evidence of GVHD. Prophylaxis for infections included acyclovir,
trimethoprim/sulfamethoxazole, oral ﬂuconazole or itraconazole, and ganciclovir (13–17). Prophylactic ursodiol was given
routinely (18).
Iohexol Determination of GFR
Patients underwent measurement of GFR using plasma
clearance of iohexol at baseline (before the conditioning
regimen for HCT) around day +100 after HCT (day +30 for
recipients of autologous transplants) and again at 1 year
after HCT. At each study visit, demographic and clinical
variables, including height, weight, vital signs, and prescription medication histories, were recorded. Blood samples
were collected before iohexol infusion for hematocrit, serum
Cr, iohexol blank, and CysC. GFR was measured by a twopoint iohexol plasma disappearance analysis using a onecompartment model approximation validated in both
children and adults (19,20). After a time-zero blood sample
was obtained, patients received a 5-ml intravenous injection
of iohexol from a preweighed syringe (Omnipaque 300 GE
Healthcare Amersham Division, Princeton, NJ). The exact
start time of the infusion was recorded. The syringe containing

iohexol was weighed to the nearest 0.1 g before and after
injection to calculate the dose of iohexol. Blood was
drawn at approximately 120 and 300 minutes after the
iohexol infusion from a second intravenous catheter
placed on the day of the study or the opposite port from
the iohexol infusion port from the patient’s double-lumen
Hickman line. Blood was additionally placed on ﬁlter paper (Schleicher and Schuell 903 ﬁlter paper) using a syringe (n=47 ﬁlter paper at baseline and n=34 at day 100).
In three participants, a ﬁnger-prick method was used to
place blood on ﬁlter paper. GFR was computed from the
iohexol dose divided by the area under the disappearance
curve and scaled for body surface area of 1.73 m2 (19,20).
All blood samples were collected in serum separator
tubes, inverted 5–10 times, and allowed to clot before being
centrifuged at 3000 rpm (11873g) for 10 minutes. Serum was
stored at 280°C until analysis.
Quantiﬁcation of iohexol concentration in sera and dried
blood spots (DBSs) was determined by HPLC in the University of Rochester Medical Center Toxicology Laboratory (21,22). Serum standards were prepared from
dilutions of iohexol from the same lot. The interassay
coefﬁcients of variation of ﬁve separate runs of quality
control iohexol samples were 1.1% at a level of 129 mg/L
and 2.8% at a level of 12.9 mg/L. The intra-assay coefﬁcients
of variation obtained from spiked iohexol samples on three
separate studies averaged 1.95% at 14.77 mg/L and 1.23% at
99.25 mg/L. The limit of quantiﬁcation was 2 mg/L. For the
DBS on ﬁlter paper, iohexol was quantitatively extracted
from the paper according to the method by NiculescuDuvaz et al. (23). A 6.3-mm-diameter punch was taken
out of a DBS from the paper to create a disk containing
11.6 mL blood. DBSs were assayed in duplicate, and the
average value was reported; approximately four blood
spots were obtained at the 120- and 300-minute time
points. The disk was placed in a microcentrifuge tube,
and iohexol was eluted in 5% perchloric acid during and
after sonication. One hundred microliters were injected
into the HPLC column. Standards from stock iohexol
were prepared at comparable dilutions for calibration.
Any sample for which the duplicates differed by .20%
was reassayed; if the duplicates differed by .20%, then all
samples for that participant were reassayed. If the concentration was ,10 mg/L, that time-point sample was reassayed by doubling the number of disks used. Because
iohexol is not taken up by red blood cells, the plasma
iohexol concentration was calculated from the wholeblood concentration by correcting for the hematocrit by
iohexol/(12 hematocrit) (23). For DBS, the coefﬁcient of
variation was 4.3% at a level of 10 mg/L, 3.0% at a concentration of 100 mg/L, and 5.2% at a concentration of 500 mg/L.
The average measured/target percentage ranged from 9.6% at
10 mg/L to 91.7% at 100 mg/L to 88.7% at 500 mg/L. The
assay was linear over the range of 10–680 mg/L, with a slope
of 1.06 and an R2 of 0.99. Cr was measured using a photometric, kinetic modiﬁcation of the Jaffe procedure with a Beckman
Coulter Cr reagent on a Beckman Coulter AU680 or AU640
analyzer. The methodology is isotope dilution mass spectrometry traceable. CysC was measured at the University
of Rochester using a Siemens BN II nephelometer; the assay
was performed with a six-point calibration generated from
multiple dilutions of a human CysC calibrator obtained from
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human urine. The intensity of the signal is proportional to
the CysC sample concentration. Each run included one to three
sera of known CysC concentration to rule out drift of the assay. Each run of 10–60 samples was preceded and followed by
measurements of quality controls of low (1.06 mg/L) and high
(1.93 mg/L) CysC concentrations, and the runs were discarded if the quality controls differed from the listed concentrations by .6%. The assay range is 0.195–7.330 mg/L; the
reference range for young healthy persons ranges from
0.53 to 0.95 mg/L. The interassay coefﬁcient of variation
is 2.3%–3.1% (24).
Statistical Methods
We examined the association between ﬁve clinically used
equations to estimate GFR and GFR as measured by iohexol
clearance. The equations used included CKD Epidemiology
Collaboration (CKD-EPI), CKD-EPI Cr-CysC, CKD-EPI CysC
(25), Cockcroft–Gault CrCl (26), and Modiﬁcation of Diet in
Renal Disease (MDRD) (27).
The bias of each estimating equation was deﬁned as the
mean difference between the relevant eGFR and the corresponding iGFR. Bland–Altman plots were used to display this bias along with 95% conﬁdence limits for the
mean difference (28). The accuracy of each estimating
equation with respect to the corresponding iGFR was

Figure 1. | CONSORT diagram of patient enrollment.
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assessed by estimating the proportion of eGFR measurements that were within 10% and 30%, respectively, of the
corresponding iGFR measurement. McNemar’s test was
used to compare these proportions between each pair of
eGFR equations. These analyses were conducted separately among the baseline and the day 100 measurements.
We assessed the agreement between iGFR and each eGFR
value when categorized as ,90 versus $90 ml/min per
1.73 m2 at baseline and day 100. The proportion of abnormal
values (deﬁned as ,90 ml/min per 1.73 m2) by iGFR was
compared with that by eGFR using McNemar’s test. Sensitivity and speciﬁcity were estimated from these tables.

Results
Figure 1 shows patient enrollment. There were no differences noted in demographic data between enrollees and
those who refused participation. Demographic and clinical
data are presented in Table 1. The majority of our patients
did not have signiﬁcant renal dysfunction at baseline
(mean iGFR =99.7 ml/min per 1.73 m2). The median age
of the cohort was 55 years old, 76% were men, and 92%
were Caucasian. The indication for transplant in the majority of patients was a hematologic malignancy. Forty patients (80%) received an allogeneic transplant. Four
patients provided baseline study specimens but were not
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Table 1. Patient demographic data and clinical characteristics
at baseline (before start of conditioning regimen) and around
day 100 after hematopoietic cell transplantation

Characteristic
Age at HCT (yr)
18–39
40–59
$60
Median
Range
Sex
Men
Women
Race
Caucasian
Hispanics
Other
Not available
Diagnosis for HCT
AML
ALL
CLL
CML
MDS
NHL
MM
Myeloﬁbrosis
Other
Donor type
Allogeneic (related
matched)
Allogeneic (related
mismatched)
Autologous
Unrelated donor
Not transplanted
Conditioning
regimen
Reduced intensity
regimens
Myeloablative
CY/TBI 12–13.5
cGy
BU/CY only
Other
myeloablative
regimens
Mean body mass
index (kg/m2)
Mean weight (kg)
Mean BSA
Hypertensive and
on medication
Yes
On steroid
Yes
On
sulfamethoxazole/
trimethoprim
Yes
Diabetes
Yes
No

Baseline
(n=50)

Approximately
100 days (n=35)

Table 1. (Continued)
Characteristic
ACR (mg/g
creatinine)
,30
30–299
$300
Not available
aGVHD grade
0 or I
II
III or IV
Not graded
Autologous
cGVHD
Yes
No
Not available

Baseline
(n=50)

Approximately
100 days (n=35)

—
—
—
—

15 (43)
8 (23)
4 (11)
8 (23)

—
—
—
—
—

8 (23)
18 (51)
2 (6)
5 (14)
2 (6)

—
—
—

15 (43)
13 (37)
7 (20)

9 (18)
26 (52)
15 (30)
55
23–72.3

6 (17)
18 (52)
11 (31)
55
23–69

38 (76)
12 (24)

28 (80)
7 (20)

46 (92)
1 (2)
2 (4)
1 (2)

33 (94)
1 (3)
1 (3)
0 (0)

15 (30)
6 (12)
5 (10)
4 (8)
6 (12)
6 (12)
2 (4)
3 (6)
3 (6)

8 (23)
5 (14)
5 (14)
1 (3)
6 (16)
3 (9)
2 (6)
2 (6)
3 (9)

HCT, hematopoietic cell transplantation; AML, acute myelogenous leukemia; ALL, acute lymphocytic leukemia; CLL,
chronic lymphocytic leukemia; CML, chronic myelogenous
leukemia; MDS, myelodysplastic syndrome; NHL, non-Hodgkins
lymphoma; MM, multiple myeloma; CY, cytoxan; TBI, total body
irradiation; BU, busulfan; BSA, body surface area; ACR, albuminto-creatinine ratio; aGVHD, acute graft-versus-host disease;
cGVHD, chronic graft-versus-host disease.

11 (22)

11 (31)

4 (8)

3 (9)

6 (12)
24 (48)
5 (10)

4 (11)
17 (49)
0 (0)

12 (24)

10 (29)

9 (18)

5 (14)

12 (24)
17 (34)

7 (20)
13 (37)

transplanted. Only ﬁve patients (10%) of the cohort were
hypertensive and on medications at baseline compared
with 69% at day 100 post-transplant (Table 1).
Table 2 lists summary values of the iGFR and ﬁve commonly used estimating equations to calculate GFR(eGFR)
and the estimated bias (and 95% conﬁdence interval for
the bias) of each eGFR separately for baseline and day 100
values. The majority of the equations underestimated GFR
with the exception of the Cockroft–Gault equation, which
overestimated GFR. This overestimation may be caused
by a lack of scaling to body surface area. DBS iGFR was
similar to that measured by the venous samples (iGFR) at
baseline, with a slight overestimation at day 100. In addition
to the bias of each estimating equation, one can see that
spread of the individual biases is quite wide, which is evidenced by the relatively large SDs, suggesting a relative lack
of precision in the estimating equations, even when the bias
is close to zero.
These biases (and the spreads of the individual biases)
are further shown in Figures 2 and 3, where Bland–Altman
plots are shown for each estimating equation at baseline
and day 100. The solid horizontal lines in Figures 2 and 3
are consistent with the values in Table 2, showing a negative
bias for each estimating equation other than Cockroft–Gault
and DSB iGFR. When the Cockcroft–Gault equation is adjusted for body surface area, the mean bias is 25.1 (212.6 to
2.5) at baseline and 21.8 (29.9 to 6.3) at day 100. A leastsquares regression line was also ﬁt through the data points
in the Bland–Altman plots (Figures 2 and 3). For estimating
equations with regression lines that show a negative slope,
as the average value of GFR (averaged between iGFR and
eGFR) increases, the difference between eGFR and iGFR

29.665.4

27.264.3

88622.2
2.0260.3

82618.0
1.9660.3

5 (10)

24 (69)

3 (6)

19 (54)

22 (44)

22 (63)

0 (0)
50 (100)

5 (14)
30 (86)

15.4635.2 (5.1 to 25.8)
220.6620.9 (226.7 to 214.4)
0.0615.2 (24.5 to 4.5)

57
70
98

76

21.1623.2 (27.9 to 5.8)

98.7 (628.0)

115.2 (640.1)
79.2 (620.8)
100.0 (626.4)

79
89

30% of
GFR

21
23
46

37

34
33

10% of
GFR

eGFR
within (%)

215.6619.7 (221.4 to 29.8)
27.9617.5 (213.1 to 22.7)

Mean Difference 6 SD
(95% CI) between
eGFR and iGFR

99.9 (624.6)
84.1 (621.4)
91.9 (623.2)

Mean (6 SD; ml/min
per 1.73 m2)

98.1 (636.8)
72.7 (622.9)
92.0 (635.7)

77.6 (631.6)

86.1 (628.9)
77.4 (624.1)
76.4 (627.1)

Mean (6 SD; ml/min
per 1.73 m2)

12.9630.1 (2.4 to 23.4)
212.7620.3 (219.9 to 25.5)
5.9613.9 (0.8 to 10.9)

27.1623.1 (215.4 to 1.2)

28.0620.0 (215.1 to 20.9)
28.2619.2 (215.1 to 21.3)

Mean Difference 6 SD
(95% CI) between
eGFR and iGFR

Day 100

79
76
97

72

82
84

30% of
GFR

32
30
34

28

33
16

10% of
GFR

eGFR
within (%)

Percentages of eGFR measurements that are within 30% and 10% of the corresponding iGFR are also presented. Results are presented separately for baseline and day 100 pairs. Percentage of
eGFR within iGFR was statistically signiﬁcant (P,0.05) only at baseline for Inker CKD-EPI Cr-CysC versus Inker CKD-EPI CysC (P=0.03), Inker CKD-EPI Cr-CysC versus Cockroft–Gault
(P=0.003), and Inker CKD-EPI Cr-CysC versus MDRD (P=0.02); no statistical comparisons were made with iGFR DBS. iGFR, iohexol GFR; CKD-EPI, CKD Epidemiology Collaboration; Cr,
creatinine; CysC, cystatin C; MDRD, Modiﬁcation of Diet in Renal Disease; DBS, dried blood spot; 95% CI, 95% conﬁdence interval.
a
Units are milliliters per minute.

iGFR
CKD-EPI
Inker CKD-EPI
Cr-CysC
Inker CKD-EPI
CysC
Cockroft–Gaulta
MDRD
iGFR DBS

Measure

Baseline

Table 2. Mean value for each measure of GFR as well as the mean difference (6SD and 95% confidence interval) for the difference between each eGFR and the corresponding iohexol GFR
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Figure 2. | Baseline. Bland–Altman plots for each eGFR relative to corresponding iGFR. Solid horizontal lines represent the mean difference
between eGFR and iGFR (bias), and dashed horizontal lines are 95% confidence limits for mean difference. Least squares regression lines are
also included. CG, Cockroft–Gault; CKD-EPI, CKD Epidemiology Collaboration; Cr, creatinine; CysC, cystatin C; DBS, dried blood spot; iGFR,
iohexol GFR; MDRD, Modification of Diet in Renal Disease.

becomes more negative. This coupled with a negative mean
bias implies that the underestimation of eGFR is larger when
the GFR is higher. For estimating equations that have a positive slope to the regression line (Cockcroft–Gault and Inker
CKD-EPI CysC), the bias is less negative and/or more positive with a larger average GFR.
The accuracy of each eGFR relative to the corresponding
iGFR was assessed by categorizing each eGFR as being
within 10% or 30% of the corresponding iGFR. For each
estimating equation, ,50% (and as low as 16%) of the

eGFR values were within 10% of their corresponding
iGFR value at baseline and day 100, suggesting that there
is a lack of concordance between these estimating equations and iGFR (Table 2). The level of accuracy when deﬁned as within 30% was obviously higher, ranging from
70% to 89%. Concordance at baseline was generally similar
to that at day 100 at the 30% threshold. The concordance of
the DBS GFR was nearly perfect when deﬁned as within
30% but not markedly superior to the estimating equations
when deﬁned as within 10% of the iGFR.
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Figure 3. | Day 100. Bland–Altman plots for each eGFR relative to corresponding iGFR. Solid horizontal lines represent the mean difference
between eGFR and iGFR (bias), and dashed horizontal lines are 95% confidence limits for mean difference. Least squares regression lines are
also included.

In separate analyses, the accuracy of each estimating
equation was assessed and summarized by comparing the
agreement between iGFR and each eGFR in terms of correctly
classifying patients as above or below 90 ml/min per
1.73 m2. We compared the proportion of abnormal values
,90 by iGFR with the proportion of values ,90 by eGFR
(Table 3). In some instances, the eGFR classiﬁed a higher
proportion of patients as ,90 ml/min per 1.73 m2 relative
to iGFR, although the only equations for which this was
statistically signiﬁcantly different were CKD-EPI at baseline (63.8% were ,90 ml/min per 1.73 m2 by CKD-EPI
versus 38.3% by iGFR; P=0.003) and MDRD at baseline

(63.8% by MDRD versus 38.3% by iGFR; P,0.01). The
DBS GFR measurement led to similar proportions of
measurements ,90 ml/min per 1.73 m2 relative to iGFR
at baseline and day 100. The adjusted Cockcroft–Gault
equation also estimated a higher proportion of patients
with a GFR,90 ml/min per 1.73 m2 at both baseline
(48.9%) and day 100 (64.7%) than the iGFR, but this difference was not statistically signiﬁcant. C-reactive protein
was measured in 70% of our population and there was no
difference between the eGFR and iGFR for the 2 equations
incorporating CysC based on whether C-reactive protein
was ,3 or $3 mg/L (data in Supplemental Material).

0.76

0.005

0.23

0.25

Proportion of patients with a ,90 mL/min/1.73m2 listed for iGFR and eGFR, as well as sensitivity and speciﬁcity for each eGFR with iGFR taken as the gold standard. Listed P value from McNemar’s
test comparing proportion of tests ,90 mL/min/1.73m2 at baseline and day 100.
a
The percentage varies as three patients did not have a serum iohexol at baseline and 1 a cystatin C was not obtainable on two patients.

12/13 (92)
0.56

12/18 (67)

15/18 (83)

17/19 (89)

18/20 (90)

23/28 (82)

14/29 (48)

6/13 (46)

12/13 (92)
0.10

0.06

0.74

10/18 (56)

7/18 (39)

15/20 (75)

15/21 (71)

24/28 (86)

23/29 (79)

8/12 (67)

8/12 (67)
14/18 (78)

16/18 (89)
0.41
0.25

60.6
57.6
62.5
68.6
62.5
59.4
61.8
47.1
60.6
75.8
59.4
56.3
0.003

38.3
63.8
39.1
47.8
39.1
30.4
38.3
27.7
38.3
63.8
39.1
37.0
iGFR
CKD-EPI
iGFR
Inker CKD-EPI 1CysC-SCr
iGFR
Inker CKD-EPI CysC
iGFR
Cockcroft-Gault
iGFR
MDRD
iGFR
iGFR DBS

P value
Baseline (%)

18/20 (90)

17/20 (85)

Day 100
Baseline (%)
a

Day100 (%)

P value

Sensitivity
Proportion with GFR ,90 mL/min/1.73m2

Table 3. Concordance of iGFR and eGFR based on the threshold of 90 mL/min/1.73m2.

20/28 (71)

15/19 (52)

Baseline (%)

11/13 (85)

Day 100 (%)
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Discussion

This prospective study compared ﬁve common GFRestimating equations with an iohexol reference measure of
GFR in the HCT population. The majority of our patients
did not have signiﬁcant renal dysfunction at baseline (mean
iGFR =99.7 ml/min per 1.73 m2). None of the estimating
equations provided a sufﬁciently accurate assessment of
kidney function deﬁned as a high percentage of eGFR values
that are within 10% of the corresponding iGFR value. Moreover, the SD of the individual biases is relatively large, suggesting relatively imprecise measurements in eGFR. The
Inker CKD-EPI CysC equation has a bias that is near zero
at baseline, and at day 100, the 95% conﬁdence interval includes zero. However, only 37% and 22% of measurements
were within 10% of the iGFR at baseline and day 100, respectively. DBS iGFR provided accurate measurements of
GFR with the least bias and the highest proportion of pairs
within 10% (46% and 34%) of the corresponding iGFR. It is
unclear why there was not better agreement between iGFR
and the ﬁlter paper method. Differences might be because of
errors in applying blood to the ﬁlter paper, inaccurate measurement of hematocrit, or variability in calibration.
Studies comparing serum CysC with eGFR measurements
in patients with cancer have reported conﬂicting results but
generally found CysC to perform better than serum Cr
(7,8,29–31). One adult HCT study evaluated CysC as a measure of renal function (31), ﬁnding that elevations in CysC
did not correlate with serum Cr or Cr clearance. However,
Demirtasx et al. (31) did not look at area under the curve,
receiver-operator characteristic curves, or 1/CysC curves,
which have been shown to be more accurate and correlate
better with other measures of GFR (32). In a pediatric HCT
study, Cr clearance estimates on the basis of 24-hour urine
collections and CysC–based estimating equations were compared with 99mTc-DTPA–measured GFR as the reference
standard. Hazar et al. (33) found no correlation between
the estimating equations and their radiolabeled GFR measurement. Other studies in the HCT population have assessed whether estimating equations correlate with 24-hour
urine collection for Cr clearance (34).
As with Cr, a major effort is now being made to
standardize CysC measurements (35). With regard to our
method for measuring CysC (Siemens/Dade Behring immunonephelometric method), Inker et al. (36) have recommended increasing Siemens values by approximately 12%,
expressing the CKD-EPI CysC equations for estimating
GFR with standardized serum CysC values (36). However,
Siemens, in a private correspondence to users of the BNII,
has recommended increasing all values by 17% (not on the
basis of published data). When such corrections are applied
to estimates of GFR on the basis of CysC, the estimates are
lower and the underestimations are larger than when uncorrected CysC values are applied to the Inker equations.
Therefore, we chose not to adjust the CysC measurements
by the 12% or 17% suggested, because there is no agreement
on the speciﬁc size of the correction for Siemens immunonephelometry.
The limitations of this study include the small sample size
and the loss to follow-up of patients over time. In addition,
patients are often on prednisone, which can affect CysC levels.
Determining the most accurate measure of kidney
function is imperative in this patient population. Decisions
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regarding dosing of the components of conditioning
regimens and type of transplant as well as medication
dosing post-HCT, especially of calcineurin inhibitors, are
often on the basis of renal function. Additional medications commonly dose-adjusted on the basis of GFR include
cyclophosphamide, ﬂudarabine, ganciclovir, and levoﬂoxacin.
Reduced intensity conditioning regimens that use high-dose
ﬂudarabine require an accurate GFR. In addition, certain
protocols, speciﬁcally cord blood transplants and transplants
for nonmalignant causes, exclude patients with an eGFR,60,
because high doses of calcineurin inhibitors are used as prophylaxis against GVHD in the ﬁrst 30 days post-transplant.
Without an accurate assessment of renal function, patients
are at risk for under- or overdosing of medications and may
be denied certain treatment protocols if the GFR is estimated
to be ,60 ml/min per 1.73 m2. The ﬁlter paper methodology
warrants additional study, because it offers a relatively simple ﬁnger-prick method that could be done at home by patients after receiving the iohexol infusion at a medical
facility. It would eliminate the long iothalamate studies
and 24-hour urine collections currently used. Given the
bias and inaccuracy of the estimating equations, we recommend that, when eligibility criteria for certain treatment protocols are on the basis of a GFR threshold of patients, a
standard measure of GFR, such as iGFR, be performed.
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