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Transplantation of the Spleen
Effect of Splenic Allograft in Human Multivisceral Transplantation
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Objectives: To describe the effect of the splenic allograft in human
multivisceral transplantation.

Summary Background Data: We performed transplants of the
spleen as part of a multivisceral graft in an attempt to decrease both
the risk of infection from an asplenic state and the risk of rejection
by a possible tolerogenic effect. To our knowledge, this is the first
report of human splenic transplantation in a large series.
Methods: All primary multivisceral recipients who received a donor
spleen (N = 60) were compared with those who did not receive a
spleen (N = 81).

Results: Thirty-five of 60 (58%) are alive in the spleen group, and
39 of 81 (48%) are alive in control group (P = 0.98). In univariate
analysis, splenic recipients showed superiority in freedom-from-any
rejection (P = 0.02) and freedom-from-moderate or severe rejection
(P = 0.007). No significant differences were observed in analyses of
infectious complications between the spleen and control groups.
Both platelet and leukocyte counts became normal in splenic pa-
tients, whereas these counts were significantly increased in non-
splenic recipients. Observed incidence of graft versus host disease
(GVHD) was 8.25% (5 of 60) in the spleen group and 6.2% (5 of 81)
in the control group (P = 0.70). Increased incidence of autoimmune
hemolysis was observed in the spleen group.

Conclusions: Allograft spleen can be transplanted within a multi-
visceral graft without significantly increasing the risk of GVHD. The
allogenic spleen seems to show a protective effect on small bowel
rejection. Further investigation with longitudinal follow-up is re-
quired to precisely determine the immunologic and hematologic
effects of the allograft spleen.
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he spleen is the largest single secondary lymphoid organ

and a vital site of the reticuloendothelial system. As such,
this organ plays a major role in both adaptive and innate
immune responses. Healthy individuals that have undergone
posttraumatic splenectomy have long-term impairment of
humoral and cellular immunity.! Specifically, these patients
are extremely susceptible to encapsulated bacteria infection
from Streptococcus pneumoniae, Neisseria meningitidis, and
Haemophilus influenzae type B and similar organisms.' The
polysaccharide capsules of these bacteria elicit a T-cell inde-
pendent immune response that depends on the function of the
spleen’s marginal B cells.® Splenectomized patients have
diminished responses to such antigens.® In children less than
5 years of age, the risk of overwhelming postsplenectomy
sepsis may be increased 60- to 100-fold compared with children
who have not had a splenectomy.”

Multivisceral transplantation (MVT) has been success-
fully performed in adults and children with intestinal and
liver failure,>® with the results having improved dramatically
in recent years.>® The traditional procedure for MVT is to
transplant the stomach, pancreas, intestine, and liver en bloc.
The spleen of the recipient is removed during the procedure,
leaving MVT recipients in an asplenic state. Because of the
concern of an increased risk of sepsis with an asplenic state,
we have included the allograft spleen as part of the multivis-
ceral graft since 2001. In animal models, donor splenic trans-
plantation is known to induce donor-specific tolerance.” '
Sporadic cases of splenic transplantation in humans have
been reported in the past,® 27 as part of a pancreas transplant
or in an attempt to treat hematological disorders. No previous
literature is available on the effect of human splenic allograft
for tolerogenicity. In this manuscript, we evaluate and com-
pare our experience of multivisceral transplant recipients
who did and did not receive a splenic allograft to elucidate
the effect of this donor-derived lymphoid organ in human
transplantation.

PATIENTS AND METHODS

All patients who received a primary multivisceral trans-
plant with the inclusion of the spleen allograft at our institu-
tion were studied (spleen group). Their outcomes were com-
pared with all primary multivisceral recipients who did not
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receive a spleen at our institution since the inception of the
program (control group).

Standard multivisceral transplantation (MV) refers to
an en bloc transplant of the stomach, pancreas, liver, and
intestine. Modified multivisceral transplant (MMYV) refers to
MVT without the liver (ie, en bloc transplant of the stomach,
pancreas, and intestine). Since both MV and MMV patients
received spleen as part of the allograft, they were both
included in this paper. To accurately assess the impact of
allograft spleen, only children who received MV were com-
pared in some of the analyses in addition to the comparison
in the entire cohort.

The surgical technique, immunosuppressive protocols,
and postoperative management of our patients are described
elsewhere.”®* 3% Maintenance immunosuppression included
tacrolimus and corticosteroids except for those patients who
received alemtuzumab (Campath, Genzyme, Cambridge,
MA) induction, in whom corticosteroids were avoided. Pa-
tients who received daclizumab (Zenapax, Roche Laborato-
ries, Nutley, NJ) as induction immunosuppressive therapy
were given 2 mg/kg intravenous administration at surgery
followed by 2 mg/kg at days 4, 7 and once every 2 weeks
thereafter during the first 3 months, reduced to 1 mg/kg once
every 2 weeks during the following 3 months posttransplant.
Patients who received alemtuzumab as induction were given
0.3 mg/kg on the day of surgery, and on postoperative days 4
and 7 (3 doses total); subsequently, a small subset of patients
received only 2 doses of Campath 1H, on day 0 and day 4
posttransplant. Small bowel graft rejection was monitored
with protocol endoscopy and biopsy according to the follow-
ing schedule: twice a week during the first month, then once
a week during the next 2 months, and then once every 2 to 4
weeks until stoma closure. This study was performed under
the protocols approved by our institutional review board. An
appropriate informed consent was obtained from the patients
(or the parents).

Mixed Lymphocyte Reaction (MLR)

The proliferative responses of recipients were moni-
tored using a standard *H-thymidine incorporation assay.*'
The stimulation indices (S.I.) were calculated using the
formula

Mean CPM in Experimental Cultures

(Recipient + Donor stimulator)
S.L.

~ Mean CPM in Negative Control Cultures
(Recipient + Recipient stimulator)

Statistical Analysis

Multivariate Cox stepwise regression analysis was per-
formed for the hazard rate of developing any rejection and
additionally for moderate or severe rejection. Similar regres-
sions for the incident rates of various infectious episodes
were analyzed as well as for graft survival.

© 2007 Lippincott Williams & Wilkins

RESULTS

Baseline Characteristics

A total of 60 patients received spleen as part of the
multivisceral graft (spleen group), while 81 patients received
traditional multivisceral grafts (control group). Distributions
of the baseline characteristics of patients between the spleen
and control groups are summarized in Table 1. Fifty-one
patients in the spleen group were recipients of a MV, and 9
received a MMV. Sixty-eight patients in the control group
received a MV, and 13 received a MMV.

Splenic recipients underwent transplantation between
October 2001 and February 2007; control patients underwent
transplantation between December 1994 and February 2007,
with 34 of these patients undergoing transplantation before
year 2001. Thus, splenic recipients were significantly more
likely to undergo transplantation since 2001 (100% vs. 58%,
P < 0.00001).

There were 49 adults and 92 children in the entire
cohort, and children were significantly more likely to have
received a spleen, with the percentage being 52.2% (48 of
92) in children versus 24.5% (12 of 49) in adults (P =
0.002). Median ages at transplant were 30.6 and 1.0 years
among adults and children in the spleen group, and 33.4
and 1.3 among those in the control group, respectively.
The percentage of patients whose age was less than 2 years
was significantly increased in the spleen group, 67% (40 of
60) versus 31% (25 of 81) in the control group (P =
0.00002). The percentage of patients whose age was less

TABLE 1. Distributions of the Baseline Characteristics of
Patients Between the Spleen and Control Groups
Control
Baseline Spleen Group Group
Characteristic (N = 60) (N = 81) P
Date of transplant 100 (60/60) 58 (47/81) <0.00001
=2001 (%)
Average age (yr) 8.41 = 1.70 18.33 = 2.01 0.0002
Median age (range) 1.23 (0.3-50.5)  9.88 (0.6-59.1)
(yr)
Age <1 yr (%) 43 (26/60) 21 (17/81) 0.004
Age <2 yr (%) 67 (40/60) 31 (25/81) 0.00002
Adult recipient (%) 20 (12/60) 46 (37/81) 0.002
Male recipient (%) 42 (25/60) 49 (40/81) 0.36
Non-white recipient 37 (22/60) 31 (25/81) 0.47
Average body weight 21.5 3.0 36.0 = 3.1 0.001
(kg)
Recipient body weight 60 (36/60) 28 (23/81) 0.0002
<10 kg (%)
Recipient in hospital 43 (26/60) 43 (35/81) 0.99
(or ICU) (%)
Received no liver 15 (9/60) 16 (13/81) 0.87
(MMYV) (%)
Received no induction 0 (0/60) 17 (14/81) 0.0007
(%)
Received campath 1H 40 (24/60) 23 (19/81) 0.03
(%)
Child receiving 22 (13/60) 2 (2/81) 0.0003
campath 1H (%)
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than 1 year was also significantly increased in the spleen
group (Table 1).

All patients (100%) in the spleen group received induc-
tion immunosuppression, whereas 14 (17%) in the control
group did not (P = 0.0007). Patients in the spleen group were
more likely to receive Campath 1H induction (40% vs. 23%,
P = 0.03), and especially more children received Campath
1H induction in the spleen versus control group (22% vs. 2%,
P = 0.003).

Patient and Graft Survival

A total of 74 (35 spleen, 39 control) patients were still
alive in the entire cohort as of the last follow-up date, (March
1, 2007). The Kaplan-Meier curves in Figure 1A display no
statistical difference in patient survival between the spleen
and control groups (P = 0.98). The 2 longest survivors in the
spleen group have now lived more than 5 years, with cur-
rently stable graft function.

Prognostic factors for graft survival were analyzed in the
overall cohort. Cox regression analysis revealed 2 factors to be
significant: date of transplant =2001 (favorable, P = 0.004) and
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child receiving Campath-1H (unfavorable, P = 0.0003). Receiv-
ing spleen did not affect graft survival (P = 0.95).

Peripheral Blood Cell Counts

Peripheral white blood cell (WBC) counts and platelet
counts were compared between the spleen and control groups
(Table 2). Average WBC counts (X 10>/mm?) at 0 to 1 month,
2 to 3 months, 4 to 6 months, and 7 to 12 months posttrans-
plant were 15.0 = 0.8, 12.6 = 0.7, 7.8 = 0.6, and 8.8 = 0.8
in the spleen group and 18.3 £ 0.8, 14.5 = 0.6, 9.9 = 0.5, and
9.8 = 0.6 in the control group, respectively. Average WBC
counts were significantly increased in the control group at 0
to 1 month (P = 0.004), 2 to 3 months (P = 0.04), and 4 to
6 months (P = 0.01) but was not different at 7 to 12
months (P = 0.32). Average platelet counts (X 10°>/mm?) at
0 to 1 month, 2 to 3 months, 4 to 6 months and 7 to 12
months posttransplant were 230 * 18, 303 = 28, 365 = 29,
and 356 = 29 in the spleen group and 261 = 16, 352 = 21,
459 * 24, and 437 = 23 in the control group, respectively. In
contrast to the WBC counts, the average platelet count was
significantly increased in the control group at 4 to 6 months
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FIGURE 1. A, Kaplan-Meier comparison of patient survival between patients who received (N = 60, 25 deaths) versus did not
receive a spleen (N = 81, 42 deaths) (P = 0.98). B, Kaplan-Meier freedom-from-rejection comparison between patients who
received (N = 60, 29 failures) versus did not receive a spleen (N = 81, 57 failures) (P = 0.02). C, Kaplan-Meier freedom-
from-rejection comparison of patients transplanted since 2001 between those who received (N = 60, 29 failures) versus did
not receive a spleen (N = 47, 31 failures) (P = 0.39). D, Kaplan-Meier freedom-from-rejection comparison of children less
than 1 year of age who underwent transplantation since 2001 and received (N = 26, 12 failures) versus did not receive a

spleen (N = 13, 9 failures) (P = 0.07).
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TABLE 2. Peripheral Blood Cell Counts
WBC Counts (X10*/mm®) Platelet Counts (X 10°*/mm?)
0-1 mo 2-3 mo 4-6 mo 7-12 mo 0-1 mo 2-3 mo 4-6 mo 7-12 mo
Spleen group 15.0 £ 0.8 12.6 £ 0.7 7.8 £0.6 8.8 £0.8 230 = 18 303 + 28 365 =29 356 =29
Control group 183 0.8 14.5 £ 0.6 9.9 £0.5 9.8 £0.6 261 = 16 352 + 21 459 £ 24 437 £23
P 0.004 0.04 0.01 0.32 0.21 0.16 0.01 0.03

(P = 0.01) and 7 to 12 months (P = 0.03) but was not
different at 0 to 1 month (P = 0.21) and 2 to 3 months (P =
0.16) posttransplant.

Rejection

Average number of observed episodes of acute cellular
rejection was 1.08 = 0.21 per patient in the spleen group and
1.23 = 0.15 per patient in control group (P = 0.55). The
average incidence of acute rejection was 0.34 + 0.07 per 100
patient-days in the spleen group and 0.57 = 0.12 per 100
patient-days in the control group (P = 0.10).

Freedom from rejection curves are displayed in Figure
1B, and in comparing the spleen versus control groups,
splenic recipients showed significant superiority in freedom
from rejection (P = 0.02). Although differences were no
longer significant, there was a trend towards less rejection in
the spleen group after eliminating the patients who were
transplanted before 2001 (Fig. 1C). This trend was more
apparent in patients less than 1 year of age who were
transplanted since 2001 (Fig. 1D).

Prognostic factor analysis showed 5 factors to be fa-
vorably associated with freedom from rejection in univariable
analysis: date of transplant =2001 (P = 0.00006), age <2
years (P = 0.04), recipient weight <10 kg (P = 0.03),
receiving spleen (P = 0.02), and receiving induction (P =
0.003) (Table 4). Among those factors, Cox stepwise (mul-
tivariable) regression analysis showed that only date of
transplant =2001 was independently significant. However,
there was a strong correlation between date of transplant
=2001 and receiving a spleen (Table 1). These results
were consistent with those obtained when the analysis was
performed in children receiving a liver (pediatric MV
recipients) (Table 4).

Similar prognostic factor results regarding the impact
of splenic inclusion were obtained for freedom from the
development of a moderate or severe rejection (Table 5).

TABLE 3. Results of MLR
Pre 6 mo 12 mo 24 mo 36 mo
Patient Spleen (%) (%) (%) (%) (%)
1 Yes 66 104 145
2 Yes 378 173 31
3 Yes 15 4.9
4 Yes 55 2.4
5 Yes 86 49
6 Yes 47 5.2
7 No 25 7.2
8 No 160 150

© 2007 Lippincott Williams & Wilkins

Although the inclusion of spleen was a significant factor
favorably associated with freedom from moderate or severe
rejection in univariate analysis, it was not significant in
multivariate analysis (date of transplant =2001, recipient age
<2 and male recipient were significant in the entire cohort,
and only recipient age <2 was significant in the cohort of
pediatric MV recipients. Again, there were strong correla-
tions among date of transplant =2001, recipient age <2, and
receiving a spleen (Table 1).

In the spleen group, only one patient graft loss was
attributed to rejection. In the control group, graft loss due
to rejection was observed in 7 patients. Figures 2A-C
compare freedom from graft failure or death (graft loss)
due to rejection between the spleen and no spleen groups
for all patients, those transplanted since 2001, and in
children less than 1 year of age who were transplanted
since 2001, respectively. Analysis of children less than 1
who were transplanted since 2001 revealed that patients in
the spleen group showed significantly improved freedom
from graft loss due to rejection (P = 0.03) and trends
towards superiority of splenic recipients were observed in
the entire cohort (P = 0.10) and in the subset of patients
transplanted since 2001 (P = 0.21).

Infection

Average number of observed episodes of infection
(including bacterial, fungal, and viral infection) *1 standard
error was 4.77 = 0.51 in the spleen group and 5.96 = 0.51 in
the control group (P = 0.11). Incidence rates of infection
were 2.46 = 0.46 per 100 patient-days in the spleen group
and 3.88 = 0.89 per 100 patient-days in the control group
(P = 0.16). Although there was a trend for a lower incidence
of infection in the spleen group, the differences were not
statistically significant. The same trend was observed for
infections that occurred within the first 3 months posttrans-
plant (average number of episodes was 3.02 £ 0.28 vs. 3.72
* 0.31 in the spleen vs. control groups).

Fungal infections (invasive and noninvasive) were ob-
served in 20 patients (33%) in the spleen group and in 34
patients (42%) in the control group. No differences between
the spleen and control groups were observed in freedom from
fungal infection.

In the spleen group, infection was the cause of death in
11 patients (death due to infection). In the control group,
death due to infection was observed in 17 patients. There was
no significant difference in the infection death rate between
the 2 groups.
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TABLE 4. Results of the Cox Stepwise Regression Analysis for the Hazard Rate of Developing a First Acute Rejection Episode

All MVT Patients (N = 141) Children Receiving a Liver (N = 83)
Score Score
Test P Hazard Ratio Test P Hazard Ratio
Estimate Estimate
Baseline Characteristic Univariable Multivariable* [95% CI] Univariable Multivariable® [95% CI]
Date of transplant 0.0008 0.11
Date of transplant =2001 0.00006 0.00006 0.40 [0.25-0.63] 0.02 0.02 0.44[0.21-0.91]
Recipient age (yr) 0.35 0.19
Recipient age <2 yr 0.04 0.07
Adult recipient 0.10
Male recipient 0.29 0.80
Non-white recipient 0.43 0.82
Recipient body weight (kg) 0.06 0.42
Recipient body weight =10 kg 0.03 0.09
Recipient in hospital (or ICU) 0.89 0.68
Received no liver (MMYV) 0.69
Received spleen 0.02 0.04
Received no induction 0.003 0.20
Received campath 0.48 0.86
Child receiving campath 0.78

For all MVT patients (N = 141, 86 failures) and among children who received a liver (N = 83, 48 failures).

*The multivariable P value for the single variable selected into the Cox model is listed. Given this variable in the model, the multivariable score test P-values for the other
variables to enter the Cox model each yielded P > 0.10; the multivariable score test P value for “received spleen” yielded P = 0.35.

"The multivariable P value for the single variable selected into the Cox model is listed. Given this variable in the model, the multivariable score test P-values for the other variables
to enter the Cox model each yielded P > 0.10; the multivariable score test P value for “received spleen” yielded P = 0.15.

TABLE 5. Results of the Cox Stepwise Regression Analysis for the Hazard Rate of Developing a Moderate or Severe Acute
Rejection Episode

All MVT Patients (N = 141) Children Receiving a Liver (N = 83)
Score Score
Test P Hazard Ratio Test P Hazard Ratio
Estimate Estimate
Baseline Characteristic Univariable Multivariable* [95% CI] Univariable Multivariable® [95% CI]
Date of transplant 0.00001 0.05
Date of transplant =2001 <0.00001 0.00005 0.29 [ 0.16, 0.53] 0.005
Recipient age (yr) 0.01 0.006
Recipient age <2 yr 0.0002 0.03 0.48 [ 0.25, 0.92] 0.001 0.001 0.29[0.13, 0.64]
Adult recipient 0.003
Male recipient 0.06 0.01 2.07[ 1.19, 3.59] 0.39
Non-white recipient 0.03 0.12
Recipient body weight (kg) 0.001 0.04
Recipient body weight =10 kg 0.0006 0.01
Recipient in hospital (or ICU) 0.94 0.60
Received no liver (MMV) 0.26
Received spleen 0.007 0.04
Received no induction 0.001 0.21
Received campath 0.08 0.09
Child receiving campath 0.10

For all MVT patients (N = 141, 54 failures) and among children who received a liver (N = 83, 25 failures).

*The multivariable P value for the 3 variables selected into the Cox model are listed. Given these variables in the model, the multivariable score test P-values for the other
variables to enter the Cox model each yielded P > 0.20; the multivariable score test P value for “received spleen” yielded P = 0.79.

"The multivariable P value for the single variable selected into the Cox model is listed. Given this variable in the model, the multivariable score test P-values for the other variables
to enter the Cox model each yielded P > 0.05; the multivariable score test P value for “received spleen” yielded P = 0.31.

Graft Versus Host Disease (GVHD) (P = 0.70, log-rank test); observed mortality due to GVHD

Observed incidence of GVHD was 8.25% (5 of 60) in ~ was 1.7% (1 of 60) in the spleen group and 2.5% (2 of 81) in
the spleen group and 6.2% (5 of 81) in the control group  the control group. One child in the spleen group who under-
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FIGURE 2. A, Kaplan-Meier freedom-from-graft failure or death due to rejection comparison between patients who received (N =
60, 1 failure) versus did not receive a spleen (N = 81, 7 failures) (P = 0.10). B, Kaplan-Meier freedom-from-graft failure or death
due to rejection comparison of patients underwent transplantation since 2001 between those who received (N = 60, 1 failure) ver-
sus did not receive a spleen (N = 47, 4 failures) (P = 0.21). C, Kaplan-Meier freedom-from-graft failure or death due to rejection
comparison of children <1 year of age who underwent transplantation since 2001 and received (N = 26, 0 failures) versus did not
receive a spleen (N = 13, 2 failures) (P = 0.03). D, Kaplan-Meier freedom-from-development of post-transplant lymphoproliferative
disease comparison between patients who received (N = 60, 2 failures) versus did not receive a spleen (N = 81, 10 failures)

(P = 0.26).

went donor splenectomy as treatment for the GVHD im-
proved without further therapy and is currently doing well
without recurrence more than 2 years from the resolution of
the initial rash. Interestingly, his level of chimeric donor cells
did not change during and after GVHD (0.049% during
GVHD and 0.061% immediately after the resolution). An
additional patient in the spleen group experienced GVHD
resolution without need for splenectomy. The single fatal
case in the spleen group developed GVHD at 140 days after
transplant. He received a first dose of Campath 1H to treat the
disease, with immediate response. He then developed a re-
current rash 4 months after the first infusion and received
another treatment dose of Campath 1H with again immediate
resolution. However, this patient went on to develop recurrent
episodes of infection with a multidrug resistant-organism and
died of sepsis 5 months later.

© 2007 Lippincott Williams & Wilkins

Posttransplant Lymphoproliferative Disease (PTLD)

Observed incidence of PTLD was 3.3% (2 of 60) in the
spleen group and 12.3% (10 of 81) in the control group.
Freedom from PTLD shows a trend towards less PTLD in the
spleen group; however, this difference was not statistically
significant (P = 0.26) (Fig. 2D). The site of PTLD was GI
tract (n = 1) and neck (n = 1) in the spleen group, and GI
tract (n = 8), pharynx (n = 1) and kidney (n = 1) in the
control group. The 2 PTLD cases in the spleen group (both
adults) resulted in fatal consequences. Four of the 10 ob-
served PTLD cases in the control group were among adults;
each of these 10 patients responded to therapy. Observed
incidence of PTLD in children was 0% (0 of 48) in the spleen
group and 13.6% (6 of 44) in the control group (log-rank test,
P = 0.06).
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Hematological Complications

Autoimmune hemolysis (AIH) was observed in 5 pa-
tients in the spleen group (8.3%) and 1 patient in the control
group (1.2%). Three of the 5 patients with AIH also devel-
oped idiopathic thrombocytopenic purpura (ITP) (Evans syn-
drome). Two of the AIH cases in the spleen group resulted in
patient deaths. The single AIH case seen in the control group
also had a fatal outcome. The observed mortality due to AIH
was 3.3% (2 of 60) in the spleen and 1.2% (1 of 81) in the
control groups. Two cases of autoimmune thrombocytopenia
(ITP) without AIH were observed in the spleen group, while
no case was seen in the control group. In one case, the ITP
was refractory to therapy, and the patient died of an intracra-
nial hemorrhage.

MLR

Among the patients who are currently alive, MLR assay
results were available in 8 patients (6 in the spleen and 2 in
the control groups, Table 3). Donor specific hyporesponsive-
ness (defined as the stimulation index against donor cells
divided by the stimulation index against third party cells
being <50%) was seen in 5 patients (83%) in the spleen
group and one (50%) in the control group at 6 to 36 months
postoperatively (Table 3).

Pneumococcal Titers

Antibody levels against S. pneumoniae were evaluated
before and after vaccination in 3 patients in the spleen group.
They all seemed to show an appropriate response (a 2- to
4-fold increase in type-specific antibody level 4 to 6 weeks
postvaccination). Data for vaccination response was not
available for patients in the control group.

Chimeric Levels

Peripheral blood lymphocyte chimerism was checked
by flow-PCR methodology”' in 13 patients (9 in the spleen
group, 4 in the control group). Multilineage lympohocyte
chimerism was observed in all but 3 patients who showed no
chimerism (detailed data not shown). Total chimeric levels
(number of donor phenotype lymphocyte/total lymphocytes)

ranged between 0% and 0.48% at 3 to 60 months follow up.
No specific correlation with the allograft spleen was found in
these preliminary results (total chimeric levels of these 13
patients are displayed in Table 6).

Pathologic Findings of Transplanted Spleen

Three patients underwent allograft splenectomy for
GVHD (n = 1), hemolytic anemia (n = 1), and ITP (n = 1)
at 2, 8, and 1 month posttransplant, respectively. The trans-
planted spleen appeared grossly normal with no specific
pathologic changes. No significant findings were noted in the
transplanted spleens in deceased patients who underwent
autopsy.

DISCUSSION

In animal models, transplantation of the spleen has
been shown to induce donor-specific tolerance.”'* This
tolerogenic effect exists for itself as well as for other
organs transplanted from the same donor. In 1974, Bitter-
Suerman’ described spontaneous survival of the allograft
spleen in certain major histocompatibility complex incom-
patible strain combinations in rats. Subsequent studies
have shown the allogenic spleen can induce donor-specific
tolerance to the skin, pancreas, and heart.® % Furthermore,
there has been evidence that the potential mechanism of
this effect derives from an induction of regulatory cells by the
donor spleen.!"'® In a large animal model, Dor et al has
recently shown that MLR and cell-mediated lympholysis
(CML) responses to donor cells were suppressed with the
inclusion of an allogenic splenic transplant in miniature
swine.?’

In the past, allogenic splenic transplantation was per-
formed in humans for mainly 3 different settings (autotrans-
plants as well but these are not included in this paper’s
scope). The first setting was a combined pancreas and spleen
transplant, which in the past has been the most commonly
performed allogenic splenic transplant in humans. The
spleen was used in this setting to ensure pancreatic blood
flow, and no immunologic benefit from the allogenic

TABLE 6. Results of Peripheral Blood Lymphocyte Chimeric Level

Patient Spleen 3 mo (%) 6 mo (%)

12 mo (%)

24 mo (%) 36 mo (%) 48 mo (%) 60 mo (%)

Yes 0.049 0.061

Yes 0.060
Yes 0

0.23

Yes 0.12
Yes 0.37
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spleen was reported.”” 2> The second setting was the perfor-
mance of a splenic transplant to treat hematological disorders
such as hypogammaglubulinemia and hemophilia.'*"* Al-
though recent reports have shown clinical improvement in the
hematologic disease, most former attempts were not success-
ful. The third setting was using a splenic transplant for
terminal malignancies. It was performed for the potential
effect of spleen to introduce an antitumor response (graft vs.
tumor reaction), but these studies failed to show such an
effect.?%-2!

MVT has now established its role in the treatment of
abdominal catastrophes in both adults and children.>® In
performing multivisceral transplants, the native spleen is
removed by default; if the donor spleen is not transplanted,
then the recipient is left in an asplenic state. Being in an
asplenic state is a significant concern especially for a small
child, since it has been associated with an increased risk of
sepsis from encapsulated organisms in young children. We
began including donor spleens in multivisceral transplants in
2001. We first started using the donor spleen in small children
and then expanded this approach to adults. The purpose was
to protect small children from the risk of sepsis associated
with an asplenic state and to test its tolerogenic effect in both
children and adults.

The grafted spleen clearly showed its function in nor-
malizing recipient peripheral blood cell counts. In addition,
although the patient numbers were small, donor spleen recip-
ients showed a normal response to pneumococcal vaccina-
tion. Pathology of the grafted spleen was also available in a
small number of cases. They all appeared grossly normal, and
pathologic findings were not significant.

Acute rejection of the small bowel allograft continues
to be a major cause of graft failure in small intestine trans-
plantation. Comparing the rejection rates among isolated
solid organ allografts, it would appear that the small bowel
allograft has the highest rate of rejection as compared with
other solid organs such as liver, kidney, heart, and pancreas.
We previously reported that MVT has a protective effect
regarding small bowel rejection.”® We suggested that part of
the protective effect may be attributable to the effect of donor
spleen.’

In this study, we analyzed the effect of donor spleen
when it was transplanted as part of a multivisceral graft. The
donor spleen seems to exhibit a protective effect on small
bowel allograft rejection. In univariable analysis, inclusion of
the donor spleen was among the factors favorably affecting
freedom from any rejection and freedom from moderate or
severe rejection. Inclusion of the donor spleen did not remain
significant in multivariate analysis whereas factors such as
transplant date =2001 (freedom from any rejection) and
recipient age <2 (freedom from moderate or severe rejection)
remained significant; however, there is a strong mutual asso-
ciation of transplant year =2001, recipient age <2 and
receiving a spleen. Therefore, these results do not necessarily
preclude an independent protective effect of spleen inclusion
once the analysis is performed in a larger cohort and with
longer follow up. In fact, the spleen group showed a trend
toward superiority even among the patients whose date of
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transplant was =2001 (Figs. 1C-D, 2B—C). This trend was
more apparent in children of age less than 1 (Figs. 1D, 2C).
In particular, freedom from graft failure or death due to
rejection appeared to be significantly improved in the spleen
group among recipients age <1 whose date of transplant was
=2001 (P = 0.03, Fig. 2C).

Preliminary results of MLR showed hypo- to unre-
sponsiveness to donor cells in 5 tested patients who re-
ceived a spleen and in 1 control group patient. Chimeric
levels in the spleen and control groups did not appear
different, and we do not have enough data from the control
group to prove that this hyporesponsiveness is due to
inclusion of the spleen: it could be a more general effect of
the multivisceral graft rather than specifically from the
spleen. There is increasing evidence that CD4+CD25+ T
regulatory cells are involved in the mechanisms of immune
tolerance.>>3* Composite intestinal grafts such as multi-
visceral grafts have more donor passenger leukocytes, as
well as an increased nonhematopoietic cell mass. This
introduction of such varied and large numbers of donor
cells and their interaction with recipient immune cells may
lead to an induction of immunosuppressive regulatory cell
populations in patients with composite grafts, leading to a
protective effect on the allograft from the recipient’s
immune response. The allograft spleen may play an addi-
tional role in inducing regulatory cells. Another theory has
suggested that clonal deletion was promoted by 2-way
trafficking of recipient and donor cells,** and the allograft
spleen may play a role in such an interaction as well.
Further study with more patients and longer follow up is
underway at our institution to further clarify such mecha-
nisms of tolerance in this patient population.

The analysis of infectious complications did not show
any significant differences between the spleen and control
groups. Only a slight trend towards a lesser average number
of infectious episodes per patient in the spleen group was
observed. However, this does not necessarily deny the trans-
planted spleen’s protective effect regarding sepsis from en-
capsulated organisms, since pneumococcal sepsis and menin-
gococcemia were rarely observed overall (only 2 suspected
cases in the entire cohort). In addition, most asplenic patients
are kept on prophylactic penicillin for the rest of their lives,
whereas we do not give penicillin prophylaxis to patients who
receive splenic allografts. Although still preliminary, allo-
genic spleen recipients seem to show a normal response to
pnuemococcal vaccination. Future studies of the serological
response to the pneumococcal vaccination are necessary in
clarifying this aspect of the effect of transplanting the donor
spleen.

The original attempts to combine a spleen and pan-
creas transplant were abandoned due to reports of fatal
GVHD. In this study, a slightly increased incidence of
GVHD was observed in the spleen group (8.2% vs. 6.1% in
the control group, respectively), but the difference was not
statistically significant (P = 0.62). Thus, while GVHD
remains as a significant concern in MVT, its occurrence
does not appear to be specific to those who received a
spleen.

443

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



Kato et al

Annals of Surgery ® Volume 246, Number 3, September 2007

Although there is no statistical difference, the ob-
served incidence of PTLD seems to be less in the spleen
group (3.3% vs. 12.3% in the control group, log-rank test
P value = 0.32). On the other hand, the 2 cases of PTLD
in the spleen group were fatal, whereas all 10 cases of
PTLD in the control group responded to therapy. At this
point we do not have a good explanation for this phenom-
enon. One possible explanation could be a graft versus
tumor response of the spleen allograft as was proposed by
previous researchers.?%*!

Hematological complications after splenic transplan-
tation may be a concern. We found 5 of 61 (8.2%) episodes
of autoimmune hemolysis (2 of 5 were fatal) as compared
with 1 of 81 (1.2%) in the control arm (this one case also
had a fatal consequence). Autoimmune hemolysis has been
reported in multivisceral transplants as well as in liver-
intestine transplants and isolated intestinal trans-
plants.>33¢ In the latter 2 types of transplants, recipients
retain their native spleen. The higher observed incidence in
the spleen group as compared with the control group,
which had no spleen, could be explained by the fact that
splenectomy is a form of treatment for hemolysis. How-
ever, the potentially increased risk of hemolysis is a
concern that will require further investigation and close
monitoring.

In conclusion, MVT including donor spleen can be
performed without significantly increasing the risk of GVHD.
The allograft spleen showed its function in normalizing
peripheral blood cell counts. The allogenic spleen seems to
show some protective effect on small bowel rejection. We
anticipate that further studies with longer follow up will help
to clarify the immunologic and hematological effects of the
allograft spleen.
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Discussions

Dr. GoraN B. KrintMALM (DaLLAs, TEXAS): It is rare to
hear presentations on new procedures, especially procedures
that provide benefits to our patients and also allows us to
obtain new knowledge on biology.

When solid organ transplant in humans was first per-
formed in the 1950s it suddenly gave us new views and
hopes, and allowed us to gaze further due to the light spread
by pioneering surgeons. Kidney transplantation, liver trans-
plantation, pancreas transplantation, heart and lung transplan-
tation, intestinal transplantation, and now we are being pre-
sented with a new concept—transplantation of the spleen for
its biological effects.

Dr. Tzakis and his coworkers have just presented to us
the first large study of spleen transplant recipients. The
purpose behind the inclusion of the spleen allograft in the
multivisceral graft was to alleviate the immunological deficit
that the recipient suffers as a result of the splenectomy and to
elucidate if a spleen allograft has a tolerogenic effect.

An intriguing finding is that the rejection seems to be
less severe in the spleen recipients, which would support the
tolerogenic hypothesis. However, the obvious danger that
transplantation of the spleen could potentially bring is that of
graft versus host disease and post-transplant lymphoprolif-
erative disorder.

It is of note that there was no notable difference in the
incidence of graft versus host disease in these patients.
Whether this is surprising or not depends on which scientific
theory you abide by regarding passenger leukocytes.

And this leads to my first question. You showed some
engraftment studies on the recipients, but have you done it
consistently in the two arms? What were the origin and the
repertoire of the peripheral leukocytes in the stable successful
recipient at one year, for example? To what extent were they
chimeric? Did they have a fully functional repertoire?

Second, I find it interesting that even if statistically not
significant, there was a noteworthy numerical difference in
post-transplant lymphoproliferative disorders between the pa-
tients with a spleen and those without.

This is an intriguing finding, and thus my second
question: Does a functioning spleen help protect us from the
development of PTLD? What is your explanation for this
intriguing finding?

Dr. Tomoakr Kato (Miami, FLorIDA): Regarding your
first question, we only measured lymphocyte chimerism in
the peripheral blood. We have yet to study the recipient’s
bone marrow, nor have we studied specific cell lineages
separately.

Finally, we have not conducted a functional study of
these cells. Our current protocol is to perform chimeric
studies and immunological assays prospectively in recipients,
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including those who did and did not receive a spleen, and we
hope to show these data in the near future.

As to your second question, fundamentally we still do
not know exactly how inclusion of the spleen prevents PTLD.
However, one of the theories, as proposed in the past by other
researchers, is that the spleen may have the graft versus tumor
effect, which could be from the various different cells that
come with the splenic allograft.

Dr. Jean C. EMonD (NEwW YORK, NEW YORK): Opera-
tions of this type are obviously a virtuoso feat. They are also
a biological feat probably unprecedented in medicine. These
transplants are associated with a massive transfusion, if you
will, of potentially immunologically capable cells and bone
marrow precursors, and the idea of creating chimerism with
this operation deliberately has been proposed before, leading
to a spectrum between rejection, tolerance, and at the ex-
treme, graft versus host disease. The notion of putting PTLD
in that spectrum might also be relevant.

I think that the challenge for your team is to overcome
the historical structure of this study. Between 1994 and today,
almost 15 years, many things have changed. Surgery has
improved. I know your group has been among the pioneers in
advanced immunosuppression. You did not mention immu-
nosuppression in your presentation. I think it would be worth
discussing the possible effect on these results. The possibility
is that donor recipient combinations, such as blood type, HLA
and so forth, might also impact the value or detriment of the
spleen in these operations.

Finally, I was wondering if you have any patients who
received small bowel alone who have their own spleens, I
know it is another difficult comparison, but whether there is
a difference between the allograft spleen and the host spleen
in terms of immune function.

Dr. Tomoakr Kato (Miami, FLorIDA): Regarding your
first question about immunosuppression protocols, yes, you
are right that 1 have not shown the immunosuppressive
protocol. For children, since 1998 till now, the protocol has
changed little. In adults, however, since 2001 Campath 1H
was introduced in the immunosuppressive protocol. We
looked at the effect of Campath 1H and also at the other
induction immunosuppressive protocols in univariate and
multivariate analyses. There are no differences between each
induction therapy. The only difference we found was that
patients who received no induction therapy had a higher rate
of rejection.

As to your second question, we have not found that
HLA matching or blood type impacts on the hazard rate of
developing rejection.

Finally, regarding your last question, we have not
systematically studied the function of the native spleen in
patients who received isolated intestinal transplant. Nonethe-
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less, it certainly would be interesting to compare the function
of the allograft spleen to that of a normal, native spleen.

Dr. RaymonDp Porrak (NAPERVILLE, IrLivois): The
premise or experimental basis for this paper is 20 years old,
when we transplanted the spleen with the heart in rodent
models. And in those models we were able to show using
adoptive transfer experiments that tolerance was a phenom-
enon mediated by cells with a suppressor cell phenotype. So
my first question is: have you looked for suppressor cell
phenotypes in the recipients, because they are not thought to
exist in man? And thinking about that, how would you
explain this phenomenon biologically?

Secondly, van Rood and others showed many years ago
that graft tolerance mediated by the infusion of hemopoeitic
cells was either a population selection phenomenon, or could
be induced only when donor and recipient shared an HLA
allele. So have you HLA-typed your donors and recipients
and is there any histocompatibility data to explain this phe-
nomenon?

Dr. Tomoakr Kato (Miami, FLoriDA): Regarding your
first question, I guess the suppressive phenotype of cells you
refer to is the T regulatory cells. Preliminary, we have looked
at some of the regulatory population in recipients who re-
ceived a spleen, but I am afraid that the data is not ready for
presentation. We are working on a hypothesis that the effect
of the spleen might be due to the regulatory cell.

As to your second question, regarding splenocyte infu-
sion and HLA typing, our data suggest that HLA matching
would not impact the results.

Dr. Mark D. Pescovitz (INpianaPoLis, INDIANA): T have
several questions, one that may reach beyond the scope, but
it will get into a little bit of the ethics or the philosophy of this
approach.
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First, you immunized the patients with pneumococcal
antigen as a test of splenic function. But in point of fact, the
immunization is an intramuscular injection and is therefore
obviating any splenic function since you are not having the
antigen pass through the spleen, as the pneumococcal bacteria
might. Have you contemplated any other sort of immuniza-
tion strategies, such as bacteriphage phi-174, which is given
intravenously, as an assessment of splenic function?

The second question, you report that there was no graft
versus host disease but you report three cases of what you call
autoimmune disease. So when does the organ become part of
the patient so that it is auto as opposed to allo? Therefore, is
your “autoimmune” disease really an alloimmune graft versus
host disease? There have clearly been cases of alloimmune
thrombocytopenia and anemia after transplant.

And my last question sort of gets at the ethics of splenic
transplant. People have been talking about splenic transplan-
tation for a while. Your data suggest that there may be an
effect there. Other people have talked about using it in the
setting of kidney transplants as well. The cadaver donor only
comes with one spleen. If your idea works out, how are you
going to regulate who gets what organs? While that may be
beyond your scope, it is an interesting question I have had.

Dr. Tomoakr Kato (Miami, FLorIDA): Regarding your
first question, we have not looked at response to other forms
of vaccination.

With regard to GVHD, there was no difference in inci-
dence between the splenic and control groups. However, the
incidence of autoimmune disease was significantly higher in the
spleen group. This might be a form of graft versus host disease.
This is a very important question. We still have not found an
answer. The development of autoimmunity has been reported in
other types of transplants. This might have something to do with
an immunosuppressive effect that suppresses regulatory cells
leading to the development of autoimmune disease.
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