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Decreased insulin secretion in patients receiving tacrolimus as GVHD
prophylaxis after allogeneic hematopoietic SCT

Bone Marrow Transplantation (2010) 45, 405-406;
doi:10.1038/bmt.2009.154; published online 3 August 2009

As it has been reported that hyperglycemia is associated
with a higher risk of non-relapse mortality after allogeneic
hematopoietic SCT (HSCT), the efficient control of
hyperglycemia has become an important consideration for
safer HSCT.! * A characteristic feature of this field is the
use of calcineurin inhibitors, including tacrolimus (TAC),
which may cause hyperglycemia as suggested in organ
transplant settings, possibly by decreasing insulin secre-
tion.* To evaluate this possibility, we serially monitored
fasting glucose levels and serum immunoreactive insulin,
and calculated homeostasis model assessment (HOMA)-IR
and HOMA-B with the HOMA model® as recommended by
Wallace et al.® HOMA-IR reflects insulin resistance and
HOMA-B reflects the insulin secretion status.® If HOMA-
IR increased after the administration of allogeneic HSCT,
drugs that reduce insulin resistance, such as metformin or
pioglitazone, might theoretically be effective. In contrast, if
HOMA-B decreased, drugs that increase insulin secretion,
such as glucagon-like peptide-1 analog or sulfonylureas,
might be effective. The data from this study may help us to
better understand how we should control glucose levels
after HSCT.

Data obtained from 43 adult patients who received
allogeneic HSCT from October 2006 to December 2007
were included in the analysis. The median age of the
patients was 48 years (range: 19-66 years). When patients
were not receiving s.c. long-acting insulin, systemic

Table 1 Pretransplant and posttransplant glycemic status

corticosteroid or parenteral nutrition, blood samples were
obtained 1-2 months after HSCT. GVHD prophylaxis was
started using CsA-based (n1=13) or TAC-based regimens
(7n=130), with an additional short course of MTX in 35
patients. At the time of subsequent blood sampling, 15
patients were receiving CsA and 28 patients were receiving
TAC, with no significant difference in various factors
including age, gender, disease and intensity of the
conditioning regimen (conventional vs reduced intensity),
except that the TAC group included more HSCT with
unrelated BM than the CsA group (89 vs 27%, respec-
tively). The results regarding fasting glucose level, immu-
noreactive insulin and the HOMA model are summarized
in Table 1.

We found that HOMA-B was significantly reduced in the
TAC group compared with that in the CsA group, which
was consistent with earlier studies in an organ transplant
setting.* Clinically, it has been reported that GVHD
prophylaxis with TAC is generally associated with a
reduced incidence of acute GVHD compared with CsA.
In contrast, hyperglycemia was associated with a higher
risk of non-relapse mortality after allogeneic HSCT.'?
In our earlier study, patients with severe hyperglycemia had
a significantly higher incidence of acute GVHD compared
with normoglycemic patients.? Therefore, it is possible that
hyperglycemia related to the use of TAC could offset the
potential benefit of TAC, and drugs that increase insulin
secretion, including the glucagon-like peptide-1 analog,
may reverse the suppression of the insulin level.” Whether
intensive glucose control could reduce the risk of acute

Variable

N (% )] Median (range}

Tacrolimus (n=28) CsA (n=15)

Fasting glucose level (g per 100 ml)
Pretransplant 87 (80-129) P=0.08 89 (79-154) P=0.55
Posttransplant 95 (79-129) 91 (80-116)

Immunoreactive insulin level (pUjml)
Pretransplant 6.1 (1.6-17.3) P=0.60 6.6 (2.9-13.5) P=0.25
Posttransplant 6.5 (1.5-18.0) 53 (24-10.1)

HOMA-IR
Prctransplant 1.4 (0.3-4.6) P=0.75 1.4 (0.6-5.13) P=040
Posttransplant 1.5 (0.3-4.2) 1.3 (0.5-2.2)

HOMA-
Pretransplant 90.9 (30.3-193.7) P=0.04 65.4 (38.7-160.0) P=043
Posttransplant 69.9 (15.8-202.5) 61.7 (28.5-180.0)

Abbreviations;: HOMA = homeostasis model assessment; IR =insulin resistance.
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GVHD in patients using TAC should be evaluated by
prospective randomized control trials.

In conclusion, this is the first study to assess the change
in the glycemic status with the HOMA model in patients
undergoing HSCT with CsA or TAC. We showed that
GVHD prophylaxis with  TAC was associated with
decreased insulin secretion and a resultant tendency for
hyperglycemia. It is possible that measures to keep insulin
and glucose levels within their respective normal ranges are
effective for reducing morbidity and mortality after HSCT.
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Some studies have shown that intensive glucose control
(IGC) improves outcome in the intensive care unit setting.
However, it is the benefit of IGC in hematopoietic SCT
(HSCT) that is not well defined. Between June 2006 and
May 2007, IGC was maintained prospectively after
allogeneic HSCT and clinical outcomes were compared
with a cohort matched for conditioning regimen, source of
stem cells, age and relation to doner. A stratified Cox
regression model was used. There were no significant
differences in baseline clinical characteristics. The median
age was 43.5 years in both groups. The primary diagnosis
was a hematologic malignancy. Patients in the IGC group
had a lower glucose level (least-square mean, 116.4 vs
146.8 mg per 100 ml, P <0.001) compared to the standard
glucose control group. The incidences of documented
infections and bacteremia were significantly lower in the
IGC group (14 vs 46%, P=0.004, 9 vs 39%, P=0.002,
respectively). IGC tended to reduce the incidence of renal
dysfunction (19 vs 37%, P =0.36) and the elevation of
C-reactive protein (18 vs 38%, P=0.13). This study
suggests that IGC has may have a beneficial effect after
HSCT. IGC should be evaluated further in a large
prospective, randomized study.

Bone Marrow Transplantation (2009) 44, 105-111;
doi:10.1038/bmt.2008.431; published online 19 January 2009
Keywords: intensive glucose control; allogeneic trans-
plantation; hyperglycemia; C-reactive protein

Introduction

Previous studies showed that intensive glucose control
(IGC), in which the target blood glucose level was
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set within 80-110mg per 100ml, reduced infections,
dysfunction of organs including the liver and kidney and
mortality compared to patients who received standard
glucose control.’ Although these results have been
confirmed in several subsequent studies,*” the precise
mechanism that underlies this association is unclear. In
animal models, it has been shown that insulin itself has a
direct inhibitory effect on the inflammation process.?®
However in human studies, it has been suggested that
these benefits could be directly attributed to IGC rather
than to any pharmacological activity of administered
insulin per se.>*

Recipients of allogeneic hematopoietic SCT. (HSCT),
which is the most drastic therapeutic modality in patients
with hematological malignancies, often suffer from
serious complications including infectious diseases, GVHD
and multiple organ failure. They are also at higher risk of
hyperglycemia because of the use of steroids for the
treatment of GVHD, the use of total parenteral nutrition
(TPN), immunosuppressive drugs and infectious complica-
tions,'®!' which makes them further susceptible to
numerous serious complications including infectious
diseases and multiple organ failure.'* Our group
previously reported that hyperglycemia during neutropenia
was associated with an increased risk of acute GVHD and
nonrelapse mortality (NRM) after myeloablative allogeneic
HSCT,'® and that hyperglycemia during neutropenia was
associated with a higher incidence of subsequent acute
GVHD. It is well known that an increase in the levels of
circulating cytokines may aggravate hyperglycemia, and
hyperglycemia itself could increase the levels of cytokines.
This vicious cycle could lead to elevated cytokine levels,
which could lead to subsequent acute GVHD. With this
background, it can be hypothesized that IGC would reduce
the incidence of infectious diseases, acute GVHD and
organ dysfunctions after allogeneic HSCT. Therefore, we
prospectively investigated the effect of IGC after allogeneic
HSCT, and compared the clinical outcomes to those in a
matched cohort to address whether IGC following allo-
geneic HSCT could improve the clinical course of patients,
that is, reduction of infectious diseases and organ dysfunc-
tion, as has been shown in the intensive care unit (ICU)
setting.
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Patients and methods

Patients

From June 2006 to May 2007, a total of 73 patients
received allogeneic HSCT at the National Cancer Center
Hospital (Tokyo, Japan); 60 patients were eligible for
participation in this trial. Finally, 22 patients (36.7%) were
enrolled in this IGC study to keep the blood glucose level at
80-110mg per 100ml, as shown in Figure 1.

Study center and organization

The National Cancer Center Hospital in Tokyo holds 600
beds. The transplant team consists of 4 full-time physicians
and 26 nursing staff who oversee 26 beds in the HSCT, and
the entire ward is covered by high-efficiency particulate air-
filters. We regularly perform 90-120 transplants per year:
80% allogeneic and 20% autologous.

Study design

This was a case-control study to investigate the clinical
benefits of comprehensive nutritional support including
IGC and parenteral nutrition (PN) management, which
was approved by the Institutional Review Board. A
matching control group was selected among patients who
received HSCT from January 2002 to March 2007 (ratio of

- 1:2 compared to the study group) according to the

following criteria: (1) conditioning regimen (conventional
myeloablative or reduced intensity), (2) source of stem cells
(BM, peripheral blood or cord blood), (3) age and (4)
source of donor (related or unrelated). Criteria (1-4) were
essential for inclusion. As a result, 42 matched controls
were selected, and a total of 64 patients were subjected to
further analysis (Table 1).

Exclusion criteria

Exclusion criteria were as follows: (1) patients who received
a reduced-intensity conditioning regimen for an HLA-
matched related donor, as we applied GVHD prophylaxis
without short-term MTX in this setting, and they had much
less need for TPN and less need for intense glucose
control,'® (2) those with a poor performance status (Eastern
Cooperative Oncology Grorup) =2, (3) those with uncon-

Allogenic hematopoietic stem cell transplantation

N=73
Ineligible
N=13
Eligible
N=60
Non-participants
N=38
Participants
N=22

Figure 1 Trial profile.

Bone Marrow Transplantation

trolled infectious diseases at the beginning of the con-
ditioning regimen and (4) those with preexisting
neutropenia. We previously reported that the incidence of
severe stomatitis (Common Terminology Criteria for
Adverse Events (CTCAE) grade (3) was 0% after
reduced-intensity SCT (RIST) from a related HLA-
matched donor.'® In this situation, the need for TPN and
the incidence of hyperglycemia were quite low, compared to
RIST from an unrelated donor, which included additional
low-dose TBI or antithymocyte globulin (ATG) and short-
term MTX or conventional SCT with a myeloablative
regimen. Hence, we only included patients who received a
RIST regimen from an unrelated donor, who had a higher
probability of glucose-control intervention, to evaluate the
beneficial effects of IGC.

Table 1 Patients’ characteristics
Variable N (% )/median (range) P-value
Intensive glucose Standard glucose
control (n=22) control (n=42)
Age (years) 43.5 (17-64) 43,5 (20-66)
<40 8 (36) 18 (43) 0.62
=40 14 (64) 24 (57)
Sex
Male 9 (41) 22 (52) 0.38
Female 13 (59) 20 (48)
Disease risk®
Standard 6(27) 16 (38) 0.39
High 16 (73) 26 (62)
Conditioning
CST 14 (64) 27 (64)
BU/CY 9 (40) 18 (43)
CY/TBI (12Gy) 4 (18) 6 (14)
Other 1(5) 37
RIST 8 (36) 15 (36) 0.96
2CdA/BU 1(5) 1(2)
Flu/BU 732 14(33)
Low-dose TBI (2-4 Gy) 3(14) 707
Low-dose ATG 5(23) 10 (24) 0.92
GVHD prophylaxis
Cyclosporin-based 7(32) 27 (64)
Tacrolimus-based 15 (68) 15 (36) 0.01
Short-term MTX (+) 22 (100) 40 (95) 0.30
Relation to donor
Related 6(27) 12 (29)
Unrelated 16 (73) 30 (71) 091
Stem cell source
Bone marrow 15 (68) 30 (71
PBSC 5(23) 10 (24)
Cord blood 2(9) 2(5) 0.19
HLA match
Match 11 (50) 28 (67)
Mismatch 11 (50) 14 (33) 0.19
Abbreviations: ATG =antithymocyte  globulin; 2CdA =cladribine;

CST=conventional stem cell transplantation; Flu = fludarabine;
RIST = reduced-intensity stem cell transplantation.

*Standard-risk patients included those with acute leukemia in first complete
remission, chronic leukemia in first chronic phase, MDS in refractory
anemia and NHL in complete remission, and the remaining patients were

categorized as high risk.



Transplantation procedures

Forty-one patients received a myeloablative conditioning
regimen that included BU (orally 4 mg/kg per day x 4 days
or i.v. 3.2mg/kg per day x 4 days) plus CY (60 mg/kg per
day x 2 days, n=27), CY plus 12Gy TBI (n=10) or other
{(n=4). Twenty-three patients received a reduced-intensity
conditioning regimen that included fludarabine (30 mg/m?
per day x 6 days) or cladribine (0.11 mg/kg per day x 6
days) plus BU (oral 4 mg/kg per day x 2 days or i.v. 3.2mg/
kg per day x 2 days). Low-dose TBI (2 or 4Gy, n=10)
and/or low-dose ATG (total dose 5-10mg/kg ATG-F or
5mg/kg thymoglobulin, n=15) were added. GVHD
prophylaxis included CYA- (n=13) and tacrolimus-based
regimens (# = S1), with an additional short course of MTX.
G-CSF was administered in all patients from day -+ 6 after
transplantation until engraftment. Most patients received
ciprofloxacin (200 mg orally three times daily) for bacterial
prophylaxis after the beginning of the conditioning regimen
until neutrophil engraftment. Fluconazole (100mg once
daily) was administered for fungal prophylaxis after the
beginning of the conditioning regimen. Low-dose acyclovir
was given for prophylaxis against herpes simplex virus and
VZV after the beginning of the conditioning regimen until
immunosuppressive agents were discontinued. Prophylaxis
against Pnewmocystis jiroveci infection consisted of tri-
methoprim-sulfamethoxazole (400 mg of sulfamethoxazole
once daily) from the first day of conditioning to day —3 of
transplantation, and from day + 28 until day + 180 or the
cessation of immunosuppressive agents. Patients who
developed fever during the neutropenic period were treated
with cefepime or other cephalosporin, and additional
agents including vancomycin, aminoglycosides and am-
photericin B were given as clinically indicated. Neutrophil
engraftment was defined as the first of 3 consecutive days
after transplantation that the ANC exceeded 0.5 x 10° per L.

Glucose management protocol

In the IGC group, the blood glucose level was routinely
tested every morning to adjust the dose of insulin so as to
keep the level within the range of 80-110mg per 100 ml.
Owing to the presence of fewer nursing staff in the HSCT
unit than in the ICU, we replaced the continuous infusion
of insulin with the addition of Humulin R to the bottle of
PN to control the glucose level within the target range. In

Table 2 Protocol for adjustment of Humulin R
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TPN, we universally added at least 1 unit of Humulin R per
10 g glucose. In patients who had an elevated blood glucose
level, we also added Humulin R to the bottle of PN. We
monitored the glucose level at least once a day in the
morning as long as the level remained within the target
range of 80-110mg per 100ml. When the glucose level
became elevated, we increased the frequency of monitoring
up to 2-4 times daily. In most patients, we adjusted the
dose of insulin added to the bottle of PN as described in
Table 2. When the blood glucose level was > 180 mg per
100ml or the dose of insulin was high, we manually
adjusted the dose of Humulin R and administered insulin
subcutaneously according to the attending physician’s
discretion. S.c. insulin administration usually consisted of
3-5Sunits at the beginning, and, if this was insufficient, the
dose was manually adjusted by 2—-4 units. When the patients
received high-dose systemic steroid such as methylpredni-
solone 1-2mg/kg per day for GVHD, we used the
preprandial s.c. injection of insulin Aspart (NovoRapid)
three times daily to avoid postprandial hyperglycemia and
adjusted the dose according to the amount of food intake
and the postprandial glucose level. When patients exhibited
nausea, anorexia or vomiting, the amount of food intake
became unstable. In such situations, insulin Aspart was
injected immediately after the meal. When food intake was
<50%, the dose was reduced or discontinued. Routine
glucose monitoring was continued until PN was stopped,
whereas the blood glucose level was maintained within the
target range. Daily caloric intake was calculated by the
dietitians. We tried to maintain oral intake as much as
possible by using a suitable diet in jelly or liquid form. A
dietitian adjusted the dose of supplemental PN to maintain
the total caloric intake over 1.0 x basal energy expenditure
(BEE), and if the glucose level was stable, the nutritional
intake could be increased up to 1.5x BEE. The glucose
concentration in PN was usually started at 7.5% glucose as
supplemental PN. The concentration was gradually
increased to 12%, and, if necessary, this was further increased
up to 18% to meet the target caloric intake. A lipid
emulsion was also used to supply 10-30% of total caloric
intake. The minimal total nutritional intake was set at
1.0 x BEE because a retrospective analysis at our institute
showed that caloric intake of more than 1.0 x BEE was not
associated with clinically significant wt loss.!” To improve
the glucose control, this level was set to be slightly lower

Glucose level (mg per 100 ml)

Adjustment of Humulin R

BS<40
40<BS< 60
60<BS<80

80<BS< 110
110<BS< 130
130<BS< 150
150<BS< 180
BS>180

i.v. 50% glucose 20ml and recheck the glucose level

Reduce the dose of Humulin R to 40-60% of the original dose
i.v. 50% glucose 20ml and recheck the glucose level

Reduce the dose of Humulin R to 60-80% of the original dose
i.v. 50% glucose 20ml and recheck the glucose level

Reduce the dose of Humulin R to 70-90% of the original dose
No change

Increase the dose of Humulin R to 110-120% of the original dose
Increase the dose of Humulin R to 120-130% of the original dose
Increase the dose of Humulin R to 130-150% of the original dose
Manually adjust the dose of Humulin R combined with sliding
subcutaneous insulin administration

Abbreviation: BS = blood sugars.
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than the recommendation in the HSCT setting (1.3-1.5
BEE'®). There are two beneficial aspects of this protocol:
we could maintain the minimal caloric intake with
supplemental PN and we could immediately start insulin
as required after the introduction of PN. The SGC group
was managed without a specific protocol for nutrition
practice and glucose control, although we routinely
monitored blood glucose at least three times weekly to
avoid severe hyperglycemia (blood glucose >200mg per
100 ml).

Outcome measures

Serially monitored glucose values were compared between
the IGC group and the SGC group. We also analyzed the
association between the mean glucose level during mon-
itoring and the infection rate in both the SGC group and
IGC group. Mean glucose levels were estimated for each
patient and were categorized as follows: 80-110, 111-140,
141-179 and > 180. Glycemic variability, defined as the s.d.
of the mean glucose value, was also analyzed. The outcome
measures were time to the occurrence of documented
infectious complications within 100 days after HSCT, time
to each organ dysfunction defined as described below, time
to grades II-1V and grades III-1V acute GVHD and time
to NRM. These were calculated from the date of the start
of the conditioning regimen. Organ dysfunction was
defined with reference to van den Berghe®~ as follows: (1)
hypercreatininemia; serum creatinine level >2.0mg per
100ml or more than twice the baseline, (2) hyperbilirubi-
nemia; serum total bilirubin level > 2.0mg per 100 m! and
(3) increased inflammatory markers; serum C-reactive
protein (CRP) level =15mg per 100 ml. In our institute,
the CRP level was routinely monitored at least three times a
week, as we previously reported that the preengraftment
CRP level may predict a subsequent occurrence of acute
GVHD and NRM after allogeneic HSCT.'® These results
suggested that CRP might be useful not only as a marker of
infectious diseases but also as a surrogate marker for
produced cytokines. Therefore, the serial changes of CRP
level were compared between the two groups. Acute
GVHD was graded by the consensus criteria.?

Statistical analyses

Baseline characteristics were summarized using descriptive
statistics. The Student’s 7, ¥* and Wilcoxon rank-sum tests
were used to compare clinical and patient characteristics.
The probability of documented infectious complications
and organ dysfunction were calculated using Kaplan-Meier
estimates. A stratified Cox regression model, which
accounts for the matched-cohort design, was used to
estimate hazard ratios (HRs) and 95% confidence intervals
(CIs). On the basis of 64 patients, the study has an
approximately 80% power to detect a HR of 0.5 for
documented infections. The glucose values, measured
repeatedly, were compared between groups using a
repeated-measure analysis with a linear mixed-effect model.
A level of P<0.05 was defined as statistically significant.
All P-values are two-sided. All analyses were performed
using SAS version 9.1.3 (Cary, NC, USA).

Bone Marrow Transplantation

Results

Patient characteristics

Table 1 lists the patients’ clinical and transplantation
characteristics. Patients and transplantation characteristics
were well balanced with the application of matching
criteria. Nevertheless, in the IGC group, more patients
received tacrolimus for GVHD prophylaxis (68 vs 36%,
P=0.01) and more had a previous transplantation (32 vs
7%, P=0.01). The median duration of follow-up in
surviving patients was 299 days (range, 78-607 days) in
the IGC group and 1146 days (range, 329-1774 days) in the
SGC group.

Glycemic control

Duration of monitoring and number of tests. The median
duration of glucose monitoring and intervention in the IGC
group was 38 days (range, 24-70 days) after the start of the
conditioning regimen. The total number of glycemic
monitorings was 867 and 1094 in the SGC group and
I1GC group, respectively.

Mean values and distribution of values. Patients in the IGC
group had a lower glucose level (least-square mean, 116.4
vs 146.8mg per 100 ml, P<0.001) than the SGC group.
The trend of the glucose value is shown in Figure 2a.
All glycemic results for the SGC and IGC groups were
stratified into six levels: <40, 40-79, 80-110, 111-140, 141-
179 and > 180, as shown in Figure 2b.

Hypoglycemia

In the IGC group, the incidence of mild hypoglycemia
(CTCAE grades 1-2, glucose level 40-69mg per 100 ml)
was significantly higher than that in the SGC group (11 vs 3
patients, P<0.001). Although one patient (4.5%) in the
IGC group who was diagnosed as type 2 diabetes mellitus
developed severe hypoglycemia (CTCAE grade 3, glucose
level 30-39mg per 100ml) with faintness, no patient
developed seizure or loss of consciousness.

Glycemic variability

The mean glycemic variability in the SGC group and IGC
group was 37.2mg per 100ml (range, 10.1-121.7mg per
100ml) and 27.5mg per 100ml (range, 11.3-46.6 mg per
100 ml), respectively, and glycemic variability in the IGC
group tended to be lower than that in the SGC group
(P=0.07).

TPN and insulin dosing

The percentage of patients who received TPN was 60% (25
patients) and 77% (17 patients) in the SGC group and the
IGC group, respectively. The mean duration of TPN was 9
days (range, 0~35) and 13 days (range, 0-38) in the SGC
group and IGC group, respectively. There was a tendency
for more patients in the IGC group to receive TPN
compared to the SGC group, but this difference was not
statistically significant. The mean maximal dose of insulin
(median (range), 51 (0-100) vs 2 (0-110) TU, P<0.001) and
the mean maximal dose of insulin per 1 g parenteral glucose



were significantly higher in the IGC group (median (range),
0.22 (0-0.71) vs 0.003 (0-0.4)IU/g glucose, P<0.001).

Infections
Table 3 summarizes the results. In the TGC group,
dramatically fewer patients developed documented infec-

a 200

-+ Standard glucose control
-= Intensive glucose control

{mg per 100 ml)

50
0 10 20 30
(Days)
b 50
L] Standard glucose control
8 Intensive glucose control
T S
BOberrerenanmeeaenaans
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20 f-cememr e
G fpensmnmmmrmm e menennes
o . l:'. .

<40 41-79 80-110 111-140 141179 >180
Glucose value (mg per 100 mi)

Figure 2 Serial changes in the mean glucose level in the intensive glucose
control (IGC) and standard glucose control (SGC) groups. Values are
mean +s.e. (a). The distribution of the glucose values in IGC and SGC is
shown as a histogram (b).
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tions within 100 days compared to the SGC group, as
shown in Figure 3.

Relation to mean glucose level

We also analyzed the association between the mean glucose
level during monitoring and the infection rate in both the
SGC and IGC groups. The incidence of infection was 34,
17, 67 and 40%, respectively, with mean glucose levels of
80-110, 111-140, 141-179 and > 180. When we compared a
lower glucose-level group (mean glucose level of 80-140)
with a higher glucose-level group (mean glucose level of
> 140), the incidence of infection was significantly higher in
the latter group (28 vs 57%, P =0.042). When we assessed
only patients with a lower glucose level, the IGC group
tended to show a lower incidence of infectious diseases than
the SGC group (14 vs 41%, P=0.061).

Relation to glycemic variability

We also analyzed the association between glycemic
variability and the infection rate. The mean glycemic
variability in patients with and without infection was
34.6mg per 100ml (range, 10.5-121.7mg per 100ml) and
333mg per 100ml (range, 10.1-110.6mg per 100ml),
respectively, with no significant difference. As the impor-
tance of glycemic variability could vary among patients

1.0
P=0.004
0.8
06 Standard glucose control {(n=42)
SENEEINUNPS S
0.4
0.2 intensive glucose control (n=22)
e R S A g o i
PR
..... 4
0.0
0 50 100
{Days)

Figure 3 Probability of documented infections in the IGC and SGC
groups.

Table 3 Incidence of infectious diseases and organ dysfunction
Variable N (%) [median {range)
Intensive glucose Standard glucose HR (95% CI) P-value
control n=22 (%) control n=42 (%)
Documented infection 13 46 0.17 (0.04-0.75) 0.004
Bacteremia 9 39 0.10 {0.01-0.74) 0.002
Organ dysfunction
Hypercreatininemia® 19 37 0.60 (0.19-1.88) 0.36
Hyperbilirubinemia® 28 31 1.05 (0.38-2.91) 0.93
Increased inflammatory markers® 18 38 0.45 (0.15-1.37) 0.13

Abbreviations: Cl = confidence interval.

2Serum creatinine level > 2.0mg per 100 ml or more than twice of baseline.

®Serum bilirubin level >2.0mg per 100ml.
“Serum C-reactive protein level > 15mg per 100ml.
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with different mean glucose levels,! we divided the patients
into two groups based on mean glucose level 80-140 or
140+ and then determined whether glycemic variability
was associated with an increased incidence of infections.
However, there was no significant association between
glycemic variability and the incidence of infections in both
groups.

CRP levels

Figure 4 shows serial changes in the CRP level. Even
though there was no difference in the CRP level between
the two groups at the beginning of the conditioning
regimen, the CRP level was significantly elevated in the
SGC group compared to that in the IGC group 15 days
after the beginning of the conditioning regimen, and this
trend continued up to 40 days (P<0.05). The maximal
CRP level during the neutropenic period in the IGC
group was significantly lower than that in the SGC
group (median (range), 6.9 (0.9-16.3) vs 11.5 (1.6-37.3),
P=0.007).

Other clinical outcomes

The probability of grades II-1V acute GVHD within 100
days was 28 and 37% in the IGC and SGC groups (HR
1.05, 95% C10.38-2.91, P =0.93). The incidences of grades
HI-1V acute GVHD and NRM within 100 days were low in
both groups (one and two patients, and one and one
patient, in the IGC and SGC groups, respectively).

Discussion

This is the first study to evaluate the outcomes in allogeneic
HSCT patients who were treated with a glucose manage-
ment protocol. A salient finding of this study is that the
incidence of documented infections, especially the incidence
of bacteremia, was significantly lower in the IGC group
than in the SGC group, as in a previous report in the
ICU setting.! Moreover, there tended to be fewer organ
dysfunctions in the IGC group, albeit this difference was
not statistically significant. Furthermore, the CRP level,

{mg per 100 ml}
12

-4 Standard glucose controt

48 Intensive glucose control k}
} i
3

C-reactive protein level

{Days)

Figure 4  Serial change in the CRP level in the IGC and SGC groups.
Values are mean + s.e. :
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which might be a surrogate marker for produced cyto-
kines,'® was significantly lower in the IGC group than in
the SGC group, as shown in Figure 4. Even though this
study did not have enough power to detect a decrease in
acute GVHD and NRM, it could be anticipated that IGC
could reduce the CRP level, which would lead to a reduced
incidence of acute GVHD and NRM.

This study has several limitations. One limitation is that
only 64 patients were analyzed with no sufficient power to
demonstrate any statistically significant changes in the
incidences of organ dysfunctions, which was similar to the
result in a previous report in the ICU.'* An additional
limitation was that the control of the glucose level could be
suboptimal. This could be because of the glucose control
protocol, which included monitoring of glucose level and
the administration of insulin. With regard to the adminis-
tration of insulin, we replaced the continuous infusion of
insulin with the addition of Humulin R to the bottle of PN
to control the glucose level within the target range because
of the presence of fewer nursing staff in the HSCT unit
than in the ICU. This could delay the normalization of
hyperglycemia. Even though severe hyperglycemia
{>180mg per 100 ml) was reduced, a glucose value within
the normal range (80-110mg per 100ml) could be achieved
in only 49% of the IGC group as shown in Figure 1b. From
a methodological point of view, it might be inappropriate
to simply count the number of glucose value measurements,
as patients with hyperglycemia were monitored more
frequently, as defined in this protocol. Furthermore, as
the mode of glucose monitoring was quite different between
the IGC group and the SGC group, it could be
inappropriate to compare the glucose values. A future
protocol should include a more appropriate monitoring of
glucose level and administration of insulin system that
assures the fine tuning of glucose levels within the target
range. Finally, there was a possible selection bias that may
have affected the results, as this study was not a
randomized-control study and there were many nonparti-
cipants. However, the incidence of documented infections
in nonparticipants within 100 days after allogeneic HSCT
was 42%. Therefore, the reduction in the incidence of
documented infections in the IGC group could not simply
be explained by other causes such as the selection of
antibiotics or catheter management.

With these limitations in mind, we took several steps to
improve the quality of the study. First, we carefully
matched patients and transplantation characteristics. Sec-
ond, the IGC strategy was applied prospectively. Third, the
low rate of patients who developed clinically significant
hypoglycemia should be emphasized. As previously re-
ported, the IGC procedure becomes very difficult in the
medical ICU, especially in patients who have sepsis, a high
APACHE score or mechanical ventilation.!>**** The low
rate of hypoglycemia could be because the medical acuity
of our patients were relatively mild compared to those of
patients in the medical ICU. Moreover, patients under-
going HSCT are younger and might have better B-cell
function. The low rate of hypoglycemia could be important
for maximizing the benefit of IGC because severe hypogly-
cemia could be associated with an increased risk of
mortality.??



The biological plausibility of the intervention should be
discussed. The reduction in infectious diseases by IGC may
reflect the deleterious effects of hyperglycemia on macro-
phage or neutrophil function or insulin-induced protective
effects on mucosal and skin barriers.>*?’ The improvement
of innate immunity could be quite important, especially
during the period of granulocytopenia after allogeneic
HSCT. The protection of mucosal tissues could reduce
bacterial translocation, which might lead to a reduced
incidence of sepsis.

In conclusion, our results suggest that prospective IGC
reduced the incidences of infectious diseases and organ
dysfunction after allogeneic HSCT. To confirm these
findings, a larger, prospective randomized-controlled trial
is warranted.
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Possible Association between Obesity and
Posttransplantation Complications Including
Infectious Diseases and Acute
Graft-versus-Host Disease
Shigeo Fuji,' Sung-Won Kim,' Ken-:ch: Yoshimura,” Hldek: Akiyama,’ Shm ichiro Okamoto,*

Hiroshi Sao,” Junko Takita,® Naoki Kobayashi,” Shin-ichiro Mori' for the Japan
Marrow Donor Program

Both obesity and malnutrition are considered risk factors for complications after bone marrow transplanta-
tion (BMT). To elucidate the impact of pretransplantation body mass index (BMI) on clinical outcome, we
performed a retrospective cohort study with registration data from the Japan Marrow Donor Program
(JMDP). Between January 1998 and December 2005, a total of 3935 patients received unrelated BMT through
the JMDP; of these, 3827 patients for whom pretransplantation height and weight data were available were
included in the study. Patients were stratified accordlng to pretransplantation BMl values (low BMI: BMI < |8
kg/m?, n = 295; normal BMI: 18 < BMI < 25 kg/m%, n = 2906; overweight: 25 < BMI <30 kg/m?, n = 565;
obese: 30 kg/m? < BMI, n = 61). In a univariate analysis, pretransplantation BMI was associated with a signif-
icantly greater risk of grade II-IV acute graft-versus-host disease (GVHD; P = .03). Multivariate analysis
showed that pretransplantation BMI tended to be associated with an increased risk of grade 1I-IV acute
GVHD (P = .07). Obesity was associated with an increased risk of infection compared with normal BMI
(odds ratio = 1.9; 95% confidence interval = [.| to 3.2; P = .02). Our findings demonstrate a correlation
between pretransplantation BMI and posttransplantation complications. Although BMI depends strongly
on multiple factors, the effect of obesity on clinical outcome should be evaluated in a prospective study.

Biol Blood Marrow Transplant 15: 73-82 (2009) © 2009 American Society for Blood and Marrow Transplantation
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INTRODUCTION

Both obesity and malnutrition are considered risk
factors for complications and increased relapse and
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nonrelapse mortality in hematopoietic stem cell trans-
plantation (HSCT). An inferior outcome after alloge-
neic HSCT has been reported in obese adult patients
in both allogeneic [1,2] and autologous HSCT [3-5].
Furthermore, our group recently reported that hyper-
glycemia during the neutropenic period is associated
with an increased risk of acute graft-versus-host dis-
ease (GVHD) and subsequent nonrelapse mortality
[6]. Obesity obviously is associated with an increased
risk of hyperglycemia [7], which can lead to an inferior
outcome after allogeneic HSCT. Recently, obesity was
reported to be associated with low-grade systemic in-
flammation and was identified as a possible risk factor
for autoimmune diseases [8-10]. Alternatively, malnu-
trition has been reported to be associated with an in-
creased risk of early death after allogeneic HSCT
[11,12]. Several reports have noted an association be-
tween malnutrition and a high incidence of infectious
disease in conventional chemotherapy settings [13-15].

Although we can speculate that these infectious
complications may be associated with nonrelapse mor-
tality in HSCT, there is currently no agreement
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regarding a suitable target range of pretransplantation
body mass index (BMI) for clinical management. Pre-
vious studies have included various kinds of stem cell
sources, and some have included HSCT with T cell
depletion. The aim of the present study was to retro-
spectively evaluate the impact of pretransplantation
BMI on the clinical outcome after unrelated bone mar-
row transplantation (BMT) for hematologic malignan-
cies, using registration data from the Japan Marrow
Donor Program (JMDP). The results should provide
insight into how to better manage nutritional support
for patients undergoing HSCT.

PATIENTS AND METHODS

A total of 3935 patients with various hematologic
malignancies underwent BMT through the JMDP be-
tween January 1998 and December 2005. Data from
3827 of these patients for whom pretransplantation
height and weight data were available were included
in the present study. Patient characteristics are sum-
marized in Table 1. The median patient age was 39
years (range, 18 to 72 years), and diagnoses included
acute myeloid leukemia (AML; n = 1165), acute lym-
phoblastic leukemia (ALL; n = 755), myelodysplastic
syndrome/myeloproliferative disease (MDS/MPD;
n = 597), malignant lymphoma (ML; n = 500) and
chronic ML (CML; n = 576), other leukemia (n =
69), multiple myeloma (n = 71), and other (n = 94).
Standard risk included acute leukemia in first complete
remission (CR1), CML in first chronic phase, MDS in
refractory anemia, and lymphoma in CR1. The rest of
the patients were categorized as a high-risk group.
Bone marrow was the sole stem cell source for trans-
plantation. Total body irradiation (TBI) was used in
2849 patients. GVHD prophylaxis included cyclo-
sporine (CSP)-based (n = 1520) and tacrolimus
(TAC)-based regimens (n = 2155), or other combina-
tions (n = 152), with the addition of low-dose antith-
ymocyte globulin (ATG) in 205 patients. Alleles at
the HLA-A, -B, and -DRBI loci were identified by
high-resolution DNA typing. The median follow-up
period was 565 days. Informed consent was obtained
from patients and donors in accordance with the Dec-
laration of Helsinki, and the study design was ap-
proved by the JMDP’s Institutional Review Board.

The study’s primary endpoints were nonrelapse
mortality at 100 days and 1 year, overall survival at 1
year, and progression-free survival at 1 year. For non-
relapse mortality, an event was death without disease
progression after BMT. For overall survival, an event
was death from any cause after BMT. For progres-
sion-free survival, an event was disease progression
or death after BMT. Secondary endpoints were the in-
cidence of infection (bacterial, viral, fungal, and
others); incidence of lung organ toxicity including

Biol Blood Marrow Transplant 15:73-82, 2009

interstitial pneumonia, adult respiratory distress syn-
drome, bronchiolitis obliterans, pulmonary hemor-
rhage, and others, excluding pneumonia with obvious
infectious diseases; and incidence of hepatic toxicity,
including veno-occlusive disease and drug toxicity.
Acute GVHD was classified as grade 0, I, I1, III, or
IV according to established criteria [16]. The probabil-
ity of acute GVHD, nonrelapse mortality rate, overall
survival, progression-free survival, and relapse rate
were estimated using the Kaplan-Meier method.
Death without acute GVHD was treated as censoring
in the analysis of acute GVHD, and death without pro-
gression was treated as censoring in the analysis of re-
lapse. Dichotomous variables between groups were
compared using the ¥’ test, and survival times were
compared using the log-rank test. An order-restricted
version of the log-rank test (a log-rank trend test) was
used to test ordered differences between the estimated
survival curves. Multivariate analyses were performed
using a logistic regression model or a Cox proportional
hazards model, as appropriate. The following covari-
ates were included in the univariate analysis: BMI
(BMI < 18 kg/m?, 18 = BMI < 25 kg/m?, 25 =<
BMI < 30 kg/m?, and 30 kg/m? =< BMI), sex (donor—
recipient pairs), patient age (age < 30 years, 30 =
age < 50 years, age = 50 years), donor age (age < 40
years, age = 40 years), type of disease, risk of leukemia
relapse (standard vs high), conditioning (T BI-based vs
non-TBI-based), GVHD prophylaxis (CSP-based vs
TAC-based), genotypic HLA match versus HLA mis-
match, ABO match versus mismatch (major mismatch
vs minor mismatch vs major/minor mismatch vs
match), cell dose in the graft (dose < 3.0 x 10%/kg,
3.0 = dose < 5.0 x IOS/kg, =50 x IOS/kg), and use
of AT'G/antilymphocyte globulin (ALG) (ATG/ALG
vs no ATG/ALG). All P values were 2-sided. A P value
< .05 was considered statistically significant.

RESULTS

Patient Characteristics

Table | gives the BMI distribution of the study
group. Patients were classified into 4 groups based
on pretransplantation BMI values according to con-
sensus weight designations from the World Health
Organization [17] and the National Heart Lung and
Blood Institute Expert Panel [18], as follows: low
BMI (BMI < 18 kg/m% n = 295), normal BMI (18
= BMI < 25 kg/m% n = 2906), overweight (25 =
BMI < 30 kg/m*; n = 565), and obesity (30 kg/m’ <
BMI; n = 61). The prevalence of obesity was quite
low compared with that in previous reports from
Western countries [1-4]. Significant differences in pa-
tient characteristics were observed with regard to age,
sex disparity, total nucleated cells (TNCs) per body
weight, and primary disease. The low-BMI group
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Table |. Patient Characteristics

n (%)
BMI < 18 kg/m? 18 = BMI <25 kg/m? 25 < BMI < 30 kg/m? 30 kg/m? < BMI
(n = 295) (n = 2906) (n = 565) (n=6l1) P value
Recipient age, years
<30 116 (39) 734 (25) 90 (16) 14 (23) < .0001
30 = age<50 121 (41) 1473 (51) 322 (57) 36 (59)
> 50 58 (20) 699 (24) 153 (27) 11 (18)
Donor age, years
<40 217 (74) 2099 (72) 385 (68) 38 (62) 27
= 40 75 (25) 741 (25) 162 (29) 18 (30)
Sex, donor/recipient
Match 181 (61) 1833 (63) 374 (66) 39 (64) <.0001
Male/female 70 (24) 519 (18) 87 (15) 9(15)
Female/male 43 (l6) 495 (17) 87 (15) 9 (15)
TNC (x 10~%/kg)
TNC < 3.0 12 (4) 323 (1) 160 (28) 31 (51 <.0001
30 = TNC<50 60 (20) 1085 (37) 267 (47) 16 (26)
50 =TNC 187 (63) L1911 (41) 78 (14) 1 (2)
Year of transplantation
1998 12 (4) 83 (3) 11 (2) 0 (0) .18
1999 21 (7) 248 (9) 39(7) 0 (0)
2000 26 (9) 363 (12) 81 (14) 7(1
2001 43 (15) 398 (14) 74 (13) 7(1)
2002 47 (16) 409 (14) 72(13) 14 (23)
2003 50 (17) 404 (14) 87 (15) 10 (16)
2004 40 (14) 463 (16) 88 (16) 12 (20)
2005 56 (19) 538 (19) 113 (20) H(18)
Diagnosis
Acute leukemia 186 (63) 1469 (51) 304 (54) 29 (48) 02
CRI/CR2/>CR2 81/33/65 594/301/541 1137791107 7/4/18
Chronic leukemia 30 (10) 449 (15) 84 (15) 13 (21)
CPI1/CP2/AP/BC 16/5/5/3 251/66/65/53 53/8/1211 5131312
MDS/MPD 37 (13) 462 (16) 87 (15) 11 (18)
RA/RAEB/others 712110 99/155/166 25/33/20 7131
ML 35(12) 400 (14) 62 (11) 4(7)
| CR/>CR 10/19 1381230 24/33 113
| MM 5(2) 56 (2) 10 (2) 0 (0)
CR/>CR i 10/33 177 0/0
Disease stage™
Standard 110 (37) 1034 (36) 202 (36) 19 (31) .67
High 158 (54) 1686 (58) 324 (57) 38 (62)
| Blood type disparity
| Match 146 (49) 1477 (51) 276 (49) 28 (46) .98
‘ 1A 8(3) 103 (4) 18 (3) 2(3)
: MA 71 (24) 650 (22) 127 (22) 13 (21)
: Ml 65 (22) 586 (20) 121 (21) 14 (23)
| HLA disparity
i HLA allele match 185 (63) 1660 (57) 342 (61) 36 (59) 0l
| HLA allele mismatch 70 (24) 857 (29) 149 (26) 18 (30)
1 allele mismatch 59 (20) 728 (25) 118 (21) 11 (18)
2 allele mismatch 10 (3) 116 (4) 3L(5) 6(10)
3 allele mismatch 1 (0) 13 (0) 0 (0) 1(2)
Conditioning regimen
Conventional 235 (80) 2308 (79) 443 (78) 52 (85) .25
Reduced-intensity 59 (20) 539 (19) 105 (19) 5(8)
TBI for conditioning
No 80 (27) 654 (23) 146 (26) 12 (20) 14
Yes 214 (73) 2188 (75) 402 (71) 45 (74)
| ATG for conditioning
‘ No 268 (91) 2670 (92) 517 (92) 55 (90) 21
| Yes 23 (8) 155 (5) 25 (4) 2(3)
‘ GVHD prophylaxis
CSP-based 137 (46) 1141 (39) 226 (40) 16 (26) .19
' TAC-based 153 (52) 1651 (57) 312 (55) 39 (64)
f Others 3(h) 48 (2) 7(1) 2(3)
| Comorbidity
; Liver dysfunction
s No 239 (81) 2436 (84) 481 (85) 49 (80) .78
g Yes 41 (14) 360 (12) 66 (12) 7(11)
]
t

(Continued)

|
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Table 1. (Continued)

n (%)
BMI < 18 kg/m?® 18 = BMI <25 kg/m? 25 = BMI < 30 kg/m? 30 kg/m? =< BM|

(n = 295) (n = 2906) (n = 565) (n=6l) P value
Renal dysfunction
No 273 (93) 2706 (93) 528 (93) 54 (89) .90
Yes 7(2) 90 (3) 193) 2(3)
Heart dysfunction
No 260 (88) 2601 (90) 519(92) 54 (89) 32
Yes 20 (7) 195 (7) 28 (5) 2(3)
Pulmonary dysfunction
No 267 (91) 2709 (93) 528 (93) 56 (92) 27
Yes 13 (4) 87 (3) 19(3) 0(0)

*Disease stage: Standard risk stage included CR1 in acute leukemia, first chronic phase in CML,and CR | inlymphoma. Others were classified as high-risk

stage.

included more young patients, patients receiving high
TNC:s per body weight, patients with acute leukemia,
and male patients with a female donor.

Clinical Outcomes

The incidence of grade II-IV acute GVHD was
42% in the low-BMI group, 45% in the normal-BMI
group, 48% in the overweight group, and 58% in the
obesity group (Figure 1A). Thus, increased BMI was
significantly associated with a higher incidence of
grade II-IV acute GVHD (P = .03 by the log-rank
trend test). Other factors associated with a higher inci-
dence of grade II-IV acute GVHD were HLA allele
disparity, GVHD prophylaxis with CSP (vs with
TAC), and donor age = 40 years. Multivariate analysis
showed that pretransplantation BMI tended to be as-
sociated with an increased risk of grade II-IV acute
GVHD (P = .07, log-rank trend test) (Table 2). The
incidence of grade III-IV acute GVHD was 17% in
the low-BMI group, 17% in the normal-BMI group,
19% in the overweight group, and 25% in the obesity
group (Figure 1B). An increase in BMI tended to be as-
sociated with a higher incidence of grade III-IV acute
GVHD, but this trend was not significant (P = .087,
log-rank trend test). Multivariate analysis showed no
association between pretransplantation BMI and the
incidence of grade III-IV acute GVHD (P = .19,
log-rank trend test) (Table 3).

Nonrelapse mortality was 29% in the low-BMI
group, 31% in the normal-BMI group, 32% in the
overweight group, and 40% in the obesity group at |
year after BMT (P = .19, log-rank trend test)
(Figure 2A). Overall survival was 61% in the low-
BMI group, 58% in the normal-BMI group, 59% in
the overweight group, and 53% in the obesity group
at 1 year after BMT (P = .98, log-rank trend test)
(Figure 2B). Progression-free survival was 54%,
52%, 56%, and 47% (P = .72, log-rank trend test),

and the relapse rate was 24%, 24%, 18%, 21 %, respec-
tively, in the 4 groups at 1 year after BMT (P = .04 by
log-rank trend test) (Figure 2C and D). The incidence
of systemic infectious diseases, including bacterial,
fungal, and viral infections, was 39%, 43%, 46%,
and 59%, respectively, in the 4 groups (Figure 3). Obe-
sity was significantly associated with increased inci-
dence of infectious disease compared with normal

>
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Figure 1. Probability of grade l-{V acute GVHD (A) and grade Hli-IV
acute GVHD (B).
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Table 2. Univariate and Multivariate Analyses of Risk Factors for Grade lI-{V Acute GYHD

Univariate Analysis Multivariate Analysis
Covariates HR 95% Cl P value HR 95% Cl P value
Recipient BMI
18 = BMI < 25 kg/m? 1.00 .026* 1.00 .066*
BMI < 18 kg/m? 091 0.75to 110 1.06 0.85 to 1.31
25 =< BMI < 30 kg/m® 1.1 0.97 to 1.27 119 0.93 to 1.52
30 =< BMI kg/m® 128 0.89 to 1.85 1.29 0.82 t0 2.03
Recipient age, years
<30 1.00 .85*
30 < age <50 1.00 088 to 113
=50 0.99 086to .14
Donor age, years
<40 1.00 <.0001 1.00 <.0001
=40 1.30 1.17 to 1.45 1.28 113 o 1.44
Sex, donor/recipient
Match 1.00 .053 1.00 .20
Male/female 112 098 to 1.27 1.09 0.95 to 1.26
Female/male 115 101 to 1.32 112 0.97 to 1.30
TNC (x 107%/kg)
TNC <3.0 1.00 76*
30 =TNC<50 1.03 0.88 to 1.20
50 =TNC 0.99 085to .16
Diagnosis
Acute 1.00 .28
Chronic 1.08 0.93 to 1.24
MDS/MPD 1.01 087 to 116
ML 117 1.0} to 1.35
MM 0.92 0.62 o 1.36
Blood type disparity
™M 1.00 .15 1.00 49
1A L19 092 to 1.55 1.14 0.85 to 1.52
‘ MA 1.03 090 to .16 1.02 089 to .17
| Ml 1.14 1.00 to 1.29 LI 0.96 to 1.27
’ HLA disparity
: HLA allele match 1.00 <.0001 1.00 <.0001
l HLA | allele mismatch 1.30 1.16 to 1.47 1.36 1.21 to 1.54
HLA 2 allele mismatch 1.49 1.18 to 1.88 1.51 1.19 to 1.93
‘ HLA 3 allele mismatch 223 1.16 to 430 223 1.15 to 4.31
i Conditioning regimen:
; TBI for conditioning
No 1.00 67
Yes 0.98 0.87 to L.10
Intensity of conditioning:
Conventional 1.00 42
Reduced-intensity 0.95 0.84 to 1.08
ATG for conditioning
No 1.00 .58
Yes 0.94 . 075t0 117
GVHD prophylaxis
CSP-based 1.00 025 1.00 .0003
TAC-based 0.89 0.80 to 0.98 0.80 0.71 to 0.89
Others 121 0.84to 1.75 0.99 0.66 to 1.49
Comorbidity
Liver dysfunction
No 1.00 .52
Yes 0.95 0.82to 1.1
Renal dysfunction
No 1.00 84
Yes 1.03 0.77 to 1.38
Heart dysfunction
No 1.00 .58
Yes 0.94 0.77 o |16
Lung dysfunction
No 1.00 R 1.00 .09
Yes 1.22 0.93 to 1.60 1.29 0.96 to 1.74

*The log-rank trend test was used for calculating P values.




