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Introduction

Rituximab (RIT; Chugai, Tokyo, Japan), a chimeric mur-

ine/human monoclonal antibody that binds to the CD20

antigen, has been employed as a component of desensiti-

zation protocols in renal transplant recipients, and for

treatment of refractory rejection, which did not respond

to initial treatment with high-dose steroids therapy,

because of its potent B-cell elimination effect; the admin-

istration of RIT has provided excellent clinical outcomes

[1–6]. Typically, a single dose of RIT at 375 mg/m2 [2–

6], which is known to lead to marked B-cell depletion in

the peripheral blood and spleen [7–9], is administered

instead of a splenectomy.

Recently, to avoid excessive immunosuppression and

the concomitant risk of infection, a tendency has pre-

vailed to reduce the intensity of immunosuppressive

treatments. However, administration of low-dose RIT at

<375 mg/m2 has rarely been studied. Moreover, few stud-

ies have assessed the optimal dosage of RIT for renal

transplant recipients. To our knowledge, only one previ-

ous study has examined the effect of low-dose RIT ther-

apy in a renal transplant setting. Vieira et al. reported

that a single dose of 50 mg/m2 RIT had the same effect

on eliminating circulating B cells as a dose of 375 mg/m2

[7]. Meanwhile, the splenic response to low-dose RIT has

not been clearly established. We believe that elucidating

the effect of low-dose RIT on B cells in the spleen is cru-

cial when low-dose RIT is used as a substitute for a sple-

nectomy.

In this article, we report a five-case series in which

low-dose RIT therapy in conjunction with splenectomy

was employed for renal transplant recipients as a desensi-

tization protocol. The purpose of this study was to assess

the impact of a single dose of RIT at <375 mg/m2 on B

cells in the spleen and peripheral blood.

Keywords

ABO-incompatible renal transplantation, CD20

antigen, desensitization protocol.

Correspondence

Dr Daisuke Toki, 8-1 Kawada-cho, Shinjuku-ku,

Tokyo, 162-8666, Japan. Tel.: 81 3 3353

8111; fax: 81 3 3356 0293; e-mail: tokidsk@

gmail.com

Received: 29 July 2008

Revision requested: 12 August 2008

Accepted: 2 December 2008

doi:10.1111/j.1432-2277.2008.00821.x

Summary

The purpose of this study was to assess the effect of a low-dose rituximab

(RIT) at <375 mg/m2 on B cells in the spleen and peripheral blood. Five renal

transplant recipients received a single dose of RIT at 10, 15, 35, 150, or

300 mg/m2 3–13 days before transplantation. One patient who received the

same immunosuppressive regimen except for RIT was also enrolled as a con-

trol. Splenectomy was performed at the time of transplantation in all patients.

The B-cell count in the peripheral blood was analysed with a fluorescence-acti-

vated cell sorter using anti-CD19 antibodies, and the B cells in the spleen were

analysed by immunohistochemistry using anti-CD20 and -CD79a antibodies.

All but one dosage (10 mg/m2) of RIT completely eliminated B cells from the

circulation within 30 days. Immunohistochemical examination of the spleen

showed a marked reduction of B cells in the white pulps in all five recipients

compared with that in the control patient. The observations in this study indi-

cated that RIT has a potent effect of depleting B cells in the spleen and periph-

eral blood at low-doses of <375 mg/m2.
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Materials and methods

Patient selection

The desensitization protocol including RIT for renal

transplant recipients with donor-specific anti-HLA anti-

bodies (DSHA) and/or anti-blood group antibodies

was approved by the clinical ethics committee at

Tokyo Women’s Medical University in December 2004.

We began to use RIT in January 2005. Initially,

we administered low-dose RIT at <375 mg/m2, in

combination with splenectomy, to five consecutive

ABO-incompatible renal transplant recipients between

January and June 2005. After these five patients, we

used RIT without splenectomy in the desensitization

protocol for ABO-incompatible and highly sensitized

recipients. Thus, the five patients enrolled in this

series represented our entire investigations into living-

donor renal transplantation using low-dose RIT with

splenectomy as a desensitization protocol. Written

informed consent was obtained from the all patients

for renal transplantation using RIT. All subjects had

anti-blood group antibodies and DSHA detected using

the Luminex single-bead method. As a control, we

included another ABO-incompatible recipient who

underwent renal transplantation under the same immu-

nosuppressive regimen, except for RIT, in December

2004.

Desensitization protocol and immunosuppression

Seven days prior to transplantation, all patients received

a triple-drug immunosuppressive protocol that consisted

of tacrolimus (FK), mycophenolate mofetil (MMF), and

methylprednisolone (MP), as described previously

[10,11]. Briefly, FK (Astellas, Tokyo, Japan) was admin-

istered at an initial dose of 0.15 mg/kg/day, and then

adjusted to maintain a whole-blood trough level of 8–

12 ng/ml for 1–2 months postoperatively, and 7–9 ng/ml

thereafter. MMF (Chugai, Tokyo, Japan) was adminis-

tered at an initial dose of 2000 mg/day and then

decreased to 1000–1500 mg/day 1 month postoperatively.

MP (Pfizer, Tokyo, Japan) was administered at an initial

dose of 20 mg/day; the dosage was increased to 500 mg/

day on the day of the operation, and then gradually

decreased to 6–8 mg/day within 1–2 months post-trans-

plantation. All patients underwent three or four sessions

of double-filtration plasmapheresis (DFPP) before sur-

gery, in addition to splenectomy at the time of trans-

plantation to remove donor-specific anti-blood group

antibodies. Basiliximab was administered at a dose of

20 mg/day at the time of transplantation and on postop-

erative day 4.

Administration of low-dose RIT therapy

A single dose of RIT was administered to each patient

3–13 days before transplantation. The dosages used in

each patient are shown in Table 1 [Patient (P) 1, 10 mg/

m2; P2, 15 mg/m2; P3, 35 mg/m2; P4, 150 mg/m2; P5,

300 mg/m2]. P1 was given an additional 100 mg/m2 dose

of RIT 14 days after the first administration because the

B-cell count had started to recover.

Fluorescence-activated cell sorter (FACS) analysis

of B cells in the peripheral blood

We used CD19 as a B-cell marker in peripheral blood.

Peripheral blood was collected from each subject before

RIT administration; at the time of transplantation; and

on days 14, 30, 90, 180, and 360 post-administration. A

phycoerythrin-conjugated monoclonal antibody against

Table 1. Patient characteristics.

Patient no. Control P1 P2 P3 P4 P5

Dosage of

RIT (mg/m2)

0 10* 15 35 150 300

Time between RIT

and SPX (days)

– 13 8 4 3 5

Time between RIT

and DFPP� (days)

– 3 2 )1 0 )1

Recipient age 67 55 28 42 60 47

Recipient gender M F M F F M

Primary disease CGN Gestosis CGN IgA IgA CGN

Blood type

(donor/recipient)

A/B A/B B/O B/O B/O A/B

Anti-blood group

IgG titer, initial

1:64 1:128 1:16 1:512 1:64 1:8

CDC crossmatch (T/B) )/) )/) )/+ )/+ )/+ )/+

Flow crossmatch (T/B) )/+ +/+ )/+ )/+ )/+ )/+

Luminex DSA�

(Class I/Class II)

)/) +/+ +/+ +/+ )/+ +/)

PRA value (%)

(Class I/Class II)

18/3 93/14 91/11 8/9 91/49 88/77

AMR within

3 months

No Yes Yes No No No

S-Cr (mg/dl),

at 2 years

1.54 1.40 1.45 0.96 0.80 0.97

*P1 was administered an additional 100 mg/m2 rituximab 14 days

after the initial administration.

�Time between RIT and the first session of DFPP (days before DFPP).

�Donor-specific anti-HLA antibodies were detected by the Luminex

single-bead technique.

RIT, rituximab; SPX, splenectomy; M, male; F, female; CGN, chronic

glomerulonephritis; T, T-cell crossmatch positive; B, B-cell crossmatch

positive; PRA, panel reactive antibody; AMR, antibody-mediated

rejection.
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CD19 (Becton Dickinson, San Jose, CA, USA) was added

to whole blood at 4 �C for 30 min. Lysing buffer (BD

FACS Lysing Solution�; Becton Dickinson) was added to

these samples, which were then allowed to stand at room

temperature for 10 min. A lymphocyte gate was set

and the purity determined by CD45+CD14) staining

(SimultestTMLeucogateTMCD45/CD14�; Becton Dickin-

son). CD19-stained peripheral blood cells were fixed and

analysed in a FACS (FACSCalibur�; Becton Dickinson)

using SimultestTM software (Becton Dickinson).

Immunohistochemistry for identifying B-cell subsets

in the spleen

All five patients treated with RIT and the control

patient underwent splenectomy at the time of renal

transplantation. Each resected spleen was formalin-fixed

and paraffin-embedded using standard techniques. For

immunohistochemical staining, 3-lm sections were

de-paraffinized and endogenous peroxidase activity was

blocked with hydrogen peroxide in methanol. Antigen

retrieval was carried out by autoclaving the sections at

120 �C for 20 min in citrate buffer (pH 6.0). B cells

were identified by staining with mouse antihuman

CD20 (Dako, Osaka, Japan) and mouse antihuman

CD79a (Dako) antibodies. A mouse antihuman CD138

(Dako) antibody was used to detect plasma cells. These

primary antibodies were used to stain three serial sec-

tions to evaluate the distribution of each antigen in the

same white pulp. The sections were treated with a per-

oxidase anti-mouse secondary reagent (EnVisionTM

Detection Reagent; Dako) for 30 min at room tempera-

ture.

Quantitative analysis of B cells in the splenic white pulps

To assess the effect of RIT on B cells in the spleen, we per-

formed a quantitative analysis of the B-cell splenic follicles.

CD20- and CD79a-stained areas, which represent B-cell

splenic follicles, in 80 consecutive white pulps were quanti-

fied using image analysis software (Win Roof�; Mitani

Corporation, Fukui, Japan) by a pathologist who was

unaware of the other findings. The average value of 80

consecutive positively stained areas was then calculated.

Results

Patient characteristics

Patient characteristics are summarized in Table 1. The

patients consisted of three women and three men aged
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Figure 1 Fluorescence-activated cell sorter (FACS) analysis of B cells in the peripheral blood pre- and post-administration of rituximab. The number

of B cells relative to the time of rituximab administration is demonstrated. FACS analysis was performed using anti-CD19 antibodies. The dosage

of rituximab is shown at the top of each panel. Control patient was not administered rituximab. P1 was administered an additional 100 mg/m2 rit-

uximab 14 days after the initial infusion. (Tx, Transplantation; ND, not done.)
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between 28 and 67 years. Three recipients were blood

group A-incompatible and the other three patients were

group B-incompatible. The range of initial anti-

blood group IgG titers was between 1:8 and 1:512. The

five patients who received RIT had both positive flow-

crossmatch and DSHA detected by Luminex single bead.

Four out of the five patients had high panel reactive anti-

body (PRA) values (PRA > 80%).

FACS analysis of B cells in the peripheral blood

A single dose of RIT eliminated B cells from the

peripheral blood in all but one patient (P1, 10 mg/m2;

Fig. 1). In P1, partial recovery of the B-cell count was

noted 14 days after the first RIT treatment; thus, the

patient was administered an additional 100 mg/m2 dose

on the same day. This second dose eliminated B cells

for about 1 year. The time required to eliminate B cells

was longer in P2 (15 mg/m2) and P3 (35 mg/m2) than

in P4 (150 mg/m2) and P5 (300 mg/m2) (30 vs.

14 days). B cells on the day of transplantation were

considerably suppressed, but were not completely

depleted in all the recipients (P1: 20 cells/ll; P2:

19 cells/ll; P3: 37 cells/ll; P4: 21 cells/ll; and P5:

30 cells/ll). Partial recovery of the B-cell count was

noted in P2 on day 90, but the population remained

below the pre-RIT level until day 360 (pre-RIT:

118 cells/ll; day 90: 63 cells/ll; and day 360: 20 cells/

ll). B-cell depletion was almost sustained in P3–P5

until day 90 (P3: 0 cells/ll; P4: 20 cells/ll; and P5:

7 cells/ll). In P4, B-cell depletion was still maintained

on day 180 after administration of RIT but an apparent

increase in B-cell number was noted in P3 and P5 at

180 days (P3: 80 cells/ll; P4: 11 cells/ll; and P5:

107 cells/ll).

Immunohistochemical identification of B-cell subsets

in the spleen

Representative immunohistochemical findings of a white

pulp from four spleens (control, P1, P3, and P5) are

shown in Fig. 2. In the control spleen, there were many B

cells in white pulps and the distribution of CD20+ and

CD79a+ cells was very similar. Meanwhile, CD138+ cells

were rare in the white pulps. The administration of RIT

at 10 mg/m2 in P1 did not result in adequate B-cell

P1 (10 mg/m2) P3 (35 mg/m2) P5 (300 mg/m2)Control 

CD20

CD79a

CD138

Figure 2 Imuunohistochemistry for identifying B-cell subset. Representative white pulps of four patients are presented. Three serial sections were

used for immunohistochemistry (CD20, CD79a and CD138). The dosage of rituximab in each patient is shown at the top of the figure. Control

patients did not receive rituximab. CD138-positive plasma cells were rarely observed in the white pulps of all the patients. The distribution of

CD20- and CD79a-positive B cells was almost the same in the white pulps of control and P1. However, the number of B cells was apparently

reduced in P1. CD20-positive B cells almost completely disappeared from the white pulps but only a few CD79a-positive B cells were residual in

the white pulps in P3 and P5.
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depletion; the distribution of CD20+ and CD79a+ cells in

the spleen was also similar in this case. However, in P3

and P4 (data not shown), and P5, we observed a differ-

ence in the distribution of CD20+ and CD79a+ cells. In

these patients, our examination of serial sections showed

that CD20+ cells were rare in the white pulps. However,

residual CD79a+ cells were observed in the same white

pulps and were not concordant with CD138+ plasma cells

(Fig. 2).

Quantitative analysis of B cells in the splenic white pulps

We quantitatively evaluated the size of the B-cell splenic

follicles after RIT administration. The mean sizes of both

the CD20+ and CD79a+ areas decreased apparently after

RIT administration in all patients compared with the

control (Fig. 3). P1 and P2 showed residual CD20+ cells,

but P3–P5 showed total elimination of CD20+ cells. In

contrast, CD79a+ cells were not completely eliminated

from the spleen in any of the patients, although the pop-

ulation did decrease compared with that in the control

patient.

Clinical outcome

The clinical outcome for each patient is shown in Table 1.

Both P1 and P2 developed acute antibody-mediated rejec-

tion (AAMR) on postoperative day 17, while the remain-

ing three patients did not. Two years after surgery, the

serum creatinine concentration remained at normal levels

in P3–P5. We encountered no severe complications related

to the administration of RIT. Two patients (P1 and P4)

developed cytomegalovirus infection; P1 manifested a high

fever, while P4 showed no clinical manifestations. Both

episodes were treated successfully with ganciclovir.

Anti-blood group IgG titers and DSHA

The anti-blood group IgG titer at the time of transplanta-

tion decreased to £1:32 in all patients. The postoperative

anti-blood group IgG titers were not elevated above the

levels at the time of transplantation for 1 year after trans-

plantation in all patients, regardless of the dosage of RIT.

DSHA disappeared in P1 and P3, while DSHA was

detected in serum obtained P2, P4 and P5 within

6 months after transplantation.

Discussion

Previous studies have revealed that administration of a

single dose of RIT prior to transplantation completely

depletes circulatory B cells [7,8]. Genberg et al. pointed

out that a single dose of RIT at 375 mg/m2 along with

FK, MMF/azathioprine and MP in renal transplant recipi-

ents led to the complete elimination of B cells from the

peripheral blood, and that the B-cell population remained

suppressed for several years [8]. Vieira et al. revealed in

their dose-escalation study that a single dose of RIT, even

at 50 mg/m2, depleted B cells from the peripheral blood

as effectively as a single dose of 375 mg/m2 [7]. In their

study, the B-cell count remained suppressed for at least

1 year after treatment, although recovery began 6 months

post-treatment. Consistent with these results, we found

that dosages as low as 15 mg/m2 caused complete circula-

tory B-cell depletion in renal transplant recipients. B-cell

recovery began at 3–6 months after RIT administration,

which was faster than B-cell recovery after 375 mg/m2

RIT [8]. However, because AAMR typically occurs within

3 months after transplantation, the effects of low-dose

RIT therapy seem to be appropriate in terms of the

desensitization protocol [2,12].
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Figure 3 Quantitative analysis of B cells in the white pulps. Eighty consecutive areas of CD20- or CD79a-staining which represent B-cell splenic

follicles in the white pulps of each patient were measured and the average was calculated. CD20-positive B cells were rarely observed even in the

patient who received rituximab at a dose of 335mg/m2 (left panel). Meanwhile, CD79a-positive B cells in the white pulps were residual in all

patients who received rituximab. However, the areas of CD79a-positive B cells in the patients who received rituximab were apparently reduced

compared with that in the control patient (right panel).
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In this study, we focused on the response of B cells in

the spleen to RIT because in many institutions, RIT has

been used as a substitute for splenectomy as a component

of the desensitization protocol. A few studies have indi-

cated that RIT induces significant B-cell depletion in the

spleen of humans and monkeys [1,9,13]. However, all the

evidence in humans was based on dosages of 375 mg/m2

or over. Sawada et al. reported that four doses of RIT at

375 mg/m2 completely eliminated CD20+ B cells from the

spleen in a renal transplant recipient [1]. Ramos et al.

showed that a single dose of RIT at 375 mg/m2, com-

bined with plasmapheresis and intravenous immunoglob-

ulin therapy, depleted most B cells, both CD20+ and

CD79a+ cells, from the spleen [9]. Meanwhile, to our

knowledge, the effect of low-dose RIT on the spleen has

not been previously reported. In this study, low-dose

infusion of RIT led to a marked reduction in the B-cell

population in the spleen. We could not directly compare

our results with those of Ramos et al. [9] because they

used a semi-quantitative method based on intensity and

distribution to evaluate the B-cell population in splenic

follicles; whereas we used a quantitative method based on

their distribution. However, the effect of low-dose RIT on

splenic follicles appears to be similar to that of RIT

administered at 375 mg/m2. The semi quantitative

method of Ramos et al. [9] revealed that a dose of

375 mg/m2 RIT resulted in grade 1–2 staining in B-cell

splenic follicles (0, absent; 1, weak; 2, low moderate; 3,

high moderate; 4, intense), which suggests that almost,

but not quite all the B cells were depleted from the

spleen, consistent with our own results.

Note that serial sections of the spleen showed a differ-

ence between CD20 and CD79a staining after the admin-

istration of RIT. CD79a is usually used as a B-cell marker

in immunohistochemical studies; while, it is known to be

expressed on both B cells and plasma cells [14]. There-

fore, a possibility exists that the CD79a+CD20) cells in

the splenic follicles in our study represented plasma cells.

However, CD20 and CD79a showed almost the same dis-

tribution and CD138+ plasma cells were rarely observed

in the splenic follicles of the control patient. Based on

these observations, we assumed that the CD79a+CD20)

cells in the splenic follicles were not plasma cells but

residual B cells, after administration of RIT.

Two interpretations of CD79a+CD20) B cells are con-

ceivable. In the first, since CD79a expression is known to

precede CD19 or CD20 expression in the earliest differen-

tiation events of B-cell ontogeny [15,16], it is possible

that the CD79a+CD20) immature B cells, which are not

susceptible to RIT, were residual in the spleen. Previous

studies [8,9] have also shown that there were more resid-

ual CD79a+ cells than CD20+ cells in the spleen, lymph

nodes, and kidney. The role of CD79a+CD20) B cells in

the rejection process is unclear, but CD79a+CD20) B cells

have the potential to differentiate into mature B cells and

plasma cells in the spleen and may cause antibody-medi-

ated rejection. The second interpretation is that RIT

might have masked CD20 epitopes on B cells. Previous

studies [17,18] have demonstrated the possible internali-

zation of CD20 epitopes after RIT administration; it has

also been suggested that RIT can mask CD20 epitopes,

resulting in false negative expression of CD20 in FACS

analysis of B cells in peripheral blood, as FACS analysis

can detect only extracellular epitopes. However, B cells

express not only extracellular CD20 epitopes but also

intracellular CD20 epitopes. Therefore, the CD20 anti-

body should detect intracellular CD20 epitopes in an

immunohistochemical analysis. However, it is possible

that the intensity of CD20 staining might have been

attenuated, if the extracellular epitopes were covered and

masked by RIT.

The timing between infusion and transplantation is as

important as the dosage of RIT. The effect of RIT on B

cells in the peripheral blood is rather rapid, with detect-

able B-cell elimination within a few days [7,8]. In con-

trast, circulatory B-cell elimination was not observed until

14–30 days after RIT administration in this study. A pos-

sible reason for this delay was the relatively low dose

employed. However, this does not explain the difference

between our results and those reported by Vieira et al.

[7], in which low-dose RIT eliminated peripheral B cells

within 2 days. Another conceivable reason for the differ-

ence between the two studies is that we subjected our

patients to DFPP, which might have attenuated the effect

of RIT on B cells; although no one has studied whether

DFPP can remove RIT from the circulation.

Although a single dose of RIT at 375 mg/m2 is gener-

ally accepted as being adequate in a renal transplant set-

ting [2–6], little evidence exists to indicate whether this is

actually the most appropriate dosage for renal transplant

recipients. Furthermore, the long-term complications of

RIT administration remain unknown. As a complication,

late-onset neutropenia has been reported after administra-

tion of 150 mg/m2 RIT in a renal transplant recipient

[19,20]. The authors of that study suggested that 375 mg/

m2 may be an excessive dosage for renal transplant recipi-

ents [19,20]. Segev et al. reported favorable outcomes in

four cases of ABO-incompatible renal transplantation

without splenectomy or RIT [21]. In the current tendency

to reduce the intensity of immunosuppression, we pro-

pose that low-dose RIT therapy would be a valid option

for desensitization or rescue therapy for refractory rejec-

tion. Since 2007, we have employed RIT at a single dose

of 200 mg/body instead of splenectomy as a component

of the desensitization protocol in ABO-incompatible

recipients, and have achieved good results. With respect
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to patients covered by our preliminary data, we experi-

enced only one episode of AAMR in 19 ABO-incompati-

ble renal transplantations with this low-dose RIT protocol

without splenectomy, between January 2007 and June

2008 (unpublished data).

We experienced two cases of AAMR on postoperative

day 17. Each patient received very-low-dose RIT at 10 and

15 mg/m2 respectively. Neither patient had elevated anti-

blood group antibody titers at the time they developed

AAMR. DSHA disappeared in P1; while, P2 still possessed

DSHA after the transplantation. Accordingly, we could not

conclude whether the anti-blood group antibodies or anti-

HLA antibodies contributed to the development of AAMR

in the two recipients. The intervals between the administra-

tion of RIT and the development of AAMR were 30 and

25 days respectively, during which time the circulating

levels of B cells were depleted in the two patients (Fig. 1).

This suggests that B-cell elimination from both the periph-

eral blood and spleen is not sufficient to suppress the devel-

opment of AAMR in some high-risk recipients such as this

cohort. The B cells in the lymph nodes and bone marrow

are thought to be less susceptible to RIT than those in the

peripheral blood [13]. In this study, we did not examine B

cells in the lymph nodes and bone marrow, but it is possi-

ble that compared with other dosages, the very-low-dose of

RIT could not adequately deplete B cells in these compart-

ments, and this might have led to the development of

AAMR. The important findings in this article were that

both patients received a conventional immunosuppressive

regimen before application of RIT, including FK, MMF,

MP, plasmapheresis, and splenectomy. This means that

some high-risk recipients need more potent immunosup-

pressive protocols compared with the conventional

protocols.

We acknowledge that the small number of patients in

the present case series was a limitation in this study. We

also understand that extrapolating our results to the

general renal transplant population is difficult. However,

we believe that the evidence from this small series may be

a clue to further studies on how to use low-RIT because

when RIT is employed as a substitute for splenectomy,

comprehending the status of the spleen after administra-

tion of RIT is essential. Another limitation of this study

is that the timing between the infusion of RIT and

splenectomy differed among the patients, at 3–13 days.

Nevertheless, the encouraging findings in this study are

that a single dose of 35 mg/m2 RIT had almost the same

impact on B cells in the spleen and peripheral blood as

300 mg/m2 RIT, even though splenectomy was performed

only 4 days after RIT administration. If splenectomy had

been carried out 14 days or more after RIT administra-

tion, more splenic B cells would have been eliminated

because at least 14 days were required to eliminate B cells

completely from the circulation after RIT administration.

In addition, because we did not standardize the time

interval between RIT administration and the first session

of DFPP, the effect of RIT according to each dose might

not have been evaluated equally.

In conclusion, we showed that administration of

low-dose RIT markedly reduced B-cell numbers in the

spleen and peripheral blood. Further studies are required

to determine the most appropriate dosage and timing of

RIT administration in renal transplant recipients.
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