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Background: The presence of preformed donor-specific antibodies in recipient serum
against anti-human leukocyte antigen is a significant risk factor that negatively affects
the outcomes of intestinal transplantation. Avoiding high-risk intestinal transplantation
by physical and virtual cross matches has had limited success due to time constraints
and ineffective correlation, respectively.

Methods: We developed a guideline to improve the association between physical and vir-
tual cross matches using the retrospective data of 56 consecutive primary adult isolated
intestinal transplantations from a single center.

Results: The mean fluorescence intensity of 2,000 for positive donor-specific antibodies
revealed the best association between physical and virtual cross matches among dif-
ferent cut-off values, but with an unacceptable false positive rate of 54%. An enhanced
virtual cross match with the summation of the mean fluorescence intensity of each an-
ti-human leukocyte antigen improved the association between physical and virtual cross
matches, with a sensitivity of 83% and specificity of 98%.

Conclusions: This enhanced virtual cross match more effectively predicts high-risk in-
testinal transplantation and is a better substitute for physical cross-match than the cur-
rent virtual cross match. It also helps to avoid ill-considered abandonment of intestinal
transplantation that is unnecessarily deemed high risk based on a simple virtual cross
match.

Keywords: Intestinal transplantation; Virtual and physical cross match; Mean
fluorescence intensity; Donor specific antibody; Anti-human leukocyte antigen

INTRODUCTION

The presence of antibodies (Abs) to donor human leu-
kocyte antigen (HLA) is a well-recognized risk factor for
the development of acute rejection (AR) after intestinal
transplantation (ITX). Physical cross-match (pXM) be-
tween recipient serum and donor lymphocytes can be
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used to identify such Abs and is strongly associated
with outcome after ITX [1,2]. Patients with positive pXM,
implying the presence of Ab to donor HLA at the time of
ITX, are at higher risk of AR and poor graft survival. De-
spite this strong correlation, pXM is not a practical tool to
avoid high-risk ITX because of time constraints, and cold
ischemia time usually becomes unacceptably long while
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HIGHLIGHTS

* Positive physical cross match results in poor outcome
after intestinal transplantation.

* There is a significant discrepancy between physical and
virtual cross match result.

* Current virtual cross match needs to be enhanced to
match physical cross match.

waiting for the result of pXM. However, virtual cross match
(vXM) only requires serum from the recipient at any time
before ITX, and no specimen is necessary from the donor
other than for HLA typing, which eliminates the time con-
straints of pXM. Hence, there is interest in the use of vXM
as a potential substitute for pXM. The anti-HLA Ab profile
of the recipient can be determined from the recipient’s se-
rum using a single antigen bead assay (SBA). When donor
HLA typing is available, usually at the time of organ offer,
identification of donor-specific anti-HLA Ab (DSA) can be
performed, that is vXM, using the anti-HLA Ab profile of
the recipient and HLA typing of the donor. Unlike pXM, this
characteristic of vXM allows for the avoidance of a high-
risk ITX at the stage of organ offer. However, vXM has
drawbacks. Ab activity in SBA is displayed as the mean
fluorescence intensity (MFI), and the presence of anti-HLA
Ab is confirmed when the MFI is above a certain value.
Therefore, the results of vXM will be different in the same
sample if a different MFI cutoff value is used. As a corol-
lary, it is possible that the difference will swing between
positive and negative. Furthermore, the results of vXM and
pXM can differ. Therefore, the clinical relevance of vXM
remains limited as a tool to avoid high-risk ITX. We ana-
lyzed our clinical experience under a strict and consistent
protocol in a relatively homogeneous patient group with
prospectively maintained data in an attempt to develop
guidelines that provide better clinical association between
pXM and vXM.

METHODS

We performed a retrospective study using a prospectively
maintained database to identify effective MFI cutoff val-
ues to define DSA and develop relevant clinical guidelines
to identify high-risk ITX, using a more effective substitute
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for vXM than has been previously reported. The study was
approved by the Institutional Review Board of Mount Sinai
Medical Center (IRB No. HS 19-01316), and informed con-
sent was waived.

Study Group

Data analysis was limited to primary adult-isolated ITX
between 2012 and 2019. Pediatric patients (<18 years old)
with two or more ITXs, and ITX with liver graft were exclud-
ed in order to form a relatively homogeneous study group.
All patients received an ascending colon, in addition to the
entire small intestine. In all patients, the clinical manage-
ment strictly adhered to the protocol below protocol. The
data entry was closed on December 31, 2019.

vXM, Organ Acceptance, and pXM

LABScreen SBA (One Lambda Inc., Canoga Park, CA, USA)
was used to generate a profile of anti-HLA Abs (reported in
a table with MFI units for each HLA) in all patients before
ITX and at the time of ITX. We attempted to avoid donors
at the organ offer stage when the recipient had DSA with
a MFI of =10,000. However, this limit on organ acceptance
was not absolute, and in some cases, ITX proceeded
based on the recipient’s clinical condition despite the pres-
ence of DSA. vXM was performed for study purposes with
various MFI cutoffs (500, 1,000, 2,000, 5,000, and 10,000),
and the results were recorded in the database in real time.
The results of vXM did not influence organ acceptance.
pXM was always performed using two methods: flow cy-
tometry and complement-dependent cytotoxicity (CDC)
tests with recipient serum on the day of ITX and donor
lymphocytes extracted from lymph nodes. SBA, which al-
lowed the performance of vXM, was repeated with serum
from the day of ITX in addition to pXM.

Induction and Maintenance Immunosuppression

Anti-thymocyte immunoglobulin was used for induction,
starting intraoperatively at 2 mg/kg, with two further daily
doses to a total dose of 6 mg/kg. High-dose steroid induc-
tion was also used alongside and was rapidly tapered. In
addition to this routine induction immunosuppressive ther-
apy, patients with positive pXM were treated with plasma
exchange, intravenous immunoglobulin, and B-lymphocyte
depleting agent, starting immediately after pXM. Mainte-
nance immunosuppression comprised tacrolimus and ste-
roids. The target level of tacrolimus was 15 ng/dL, which
slowly decreased to 10 ng/dL or lower at 1 year after ITX.
Steroids were usually tapered off 1 year after ITX. Siroli-
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mus was added for nephron sparing in selected patients
who developed tacrolimus-related renal insufficiency after
ITX.

Diagnosis of AR and Treatment

Strict criteria were used to diagnose AR. There was no em-
pirical diagnosis and/or treatment for AR. All AR presented
with clinical symptoms or signs, compelling endoscopic
findings, and definite histologic features. When the diag-
nosis was unclear, endoscopy and biopsy were repeated
without altering immunosuppression until a confirmatory
diagnosis was reached. Mild to moderate AR episodes
were treated with a steroid bolus. Anti-thymocyte immuno-
globulin was used only for severe or steroid-resistant AR
with 1-2 mg/kg daily to a total dose of 6-10 mg/kg based
on the clinical progress of AR.

Statistical Analysis

The results of vXM with serum on the day of ITX and CDC
pXM were used for statistical analyses. Pearson’s chi-
square test or Fisher's exact test was used to compare
categorical variables. Kaplan-Meier survival analysis was
performed to graphically represent the risk of progression
to AR. Log-rank test was used to evaluate the equality of
progression curves from the Kaplan-Meier analysis. All
analyses were performed using the IBM SPSS ver. 24.0
(IBM Corp., Armonk, NY, USA). Statistical significance was
set at P<0.05.
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RESULTS

Demographics and Transplant Related Information
Fifty-six consecutive primary adult ITXs were isolated
during the study period. Eight patients underwent simulta-
neous kidney transplantation, and three received pancreas
as an en bloc organ in addition to intestinal allograft. The
mean ages (tstandard deviation) of the recipients and
donors were 43.8 (+13.1) and 9.9 (£7.6) years old, respec-
tively. The mean weight ratio between donor and recipient
was 47.4%, with the lowest being 20.3% and the high-
est being 76.9%. Twelve ITXs were performed between
ABO-compatible donors and recipients, and the remainder
were ABO-identical. Twenty-six patients were cytomega-
lovirus-naive, 14 of whom (25%, 14/56) received an organ
from a cytomegalovirus-positive donor. The leading caus-
es of ITX were mesenteric vascular incident (n=15), Crohn
disease (n=13), dysmotility syndrome (n=9), trauma (n=6),
surgical failure after various abdominal operations (n=6),
familial adenomatous polyposis accompanied by desmoid
tumor (n=4), and others (n=3). The most common indica-
tion for ITX was repeated life-threatening line sepsis (n=34,
61%). The mean cold ischemia duration was 7 hours 13
minutes, with the shortest duration being 4 hours 22 min-
utes and the longest being 10 hours 26 minutes. Nineteen
ITXs (34%) were performed without a stoma. Six patients
(11%) had ITX with a positive CDC pXM.

Efficacy of CDC pXM: Relationship with Observed AR
Twenty-eight ARs occurred in 20 patients during the study
period. Six patients had one or more ARs, among whom,

Table 1. Correlation between vXM and pXM with MFI cutoffs established at different levels

CDC pXM

Sensitivity of vXM  Specificity of vXM

MFI cutoff VXM result — . P-value ) )
Positive (n=6) Negative (n=50) to predict pXM (%) to predict pXM (%)

500 Positive (n=31) 5(16) 26 (84) 0.145 83 48
Negative (n=25) 1(4) 24 (96)

1,000 Positive (n=22) 5(23) 17 (77) 0.019 83 66
Negative (n=34) 1(3) 33(97)

2,000 Positive (n=11) 5 (46) 6 (54) <0.001 83 88
Negative (n=45) 1(2) 44 (98)

5,000 Positive (n=5) 4 (80) 1(20) <0.001 67 98
Negative (n=51) 2 (4) 49 (96)

10,000 Positive (n=4) 3(75) 1(25) <0.001 50 98
Negative (n=52) 3(6) 49 (94)

Values are presented as number (%) unless otherwise indicated.

vXM, virtual cross match; pXM, physical cross match; MFI, mean fluorescence intensity; CDC, complement-dependent cytotoxicity.
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three patients were CDC pXM-positive. Eighteen ARs (64%)
occurred during the first year after ITX, and the 1-year AR
free survival rate was 67.1%. Fifteen severe ARs occurred
in 12 patients, which led to eight graft losses (53%, 8/15).
Mild and moderate AR responded well to the treatment,
and all grafts were saved. AR was the second most com-
mon cause of graft loss following graft loss due to patient
death with a functioning graft (n=11). All six patients with
positive CDC pXM eventually developed nine individual
episodes of AR after ITX, five patients after less than a
year, and one patient at 4.3 years after ITX. Four severe
ARs were noted, all of which led to graft loss in patients
with positive CDC pXM. Positive CDC pXM was strongly
associated with the development of AR (P<0.001), severe
AR (P=0.017), and graft loss due to AR (P=0.001) using the
Kaplan-Meier survival log-rank test.

Attempt to Identify a Valid MFI Cutoff with Improved
Association between vXM and pXM

There was a considerable discrepancy between the results
of vXM and pXM, regardless of the MFI cutoff (Table 1).
The number of positive vXMs decreased with increasing
MFI cutoff. The most effective and meaningful cutoff,
which provided the best association between vXM and
pXM among the tested cutoffs, was 2,000. The number of
positive vXM with an MFI cutoff of 2,000 was 11, with a
sensitivity of 83% and specificity of 88%. Of note, the false
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positive rate was 54%, with an MFI cutoff of 2,000.

Efficacy of vXM: Relationship with Observed AR

Among 11 positive vXMs, six patients (55%) experienced
eight episodes of AR: three mild, two moderate, and three
severe. All three severe ARs resulted in graft loss. The
result of vXM did not correlate with development of AR
(P=0.306), severe AR (P=0.885), or graft loss due to AR
(P=0.434) by Kaplan-Meier survival log-rank test.

Attempt to Enhance vXM Using the Number of DSA and
the Distribution of MFI

The number of DSA and MFI values for each HLA in cases
of positive vXM (n=11) are shown in Table 2 along with the

Table 3. Association between enhanced vXM and pXM

. CDC pXM
Variable . f
Positive (n=6) Negative (n=50)
Positive vXM with MFI >5,000 (n=6) 5(83) 1(17)
Negative vXM and positive vXM with 1(2) 49 (98)

SMFI <5,000 (n=50)?
Values are presented as number (%). P<0.001.
vXM, virtual cross match; pXM, physical cross match; CDC, complement-
dependent cytotoxicity; ZMFI, summation of the mean fluorescence
intensity values of each donor-specific antibody.
2yXM, n=45; positive vXM with MFI <5,000, n=5.

Table 2. Number of DSA and distribution of MFI to each HLA in positive vXM patients

. No.of HLA class | HLA class |l CDC pXM
S g A A B c DR DR51 DR52 DRS53 DQ Tcell Bcell
1 7 16331 9448 181 5950 43 106 47 4430 2527 4178 2343 2853 Pos Pos
2 4 61,602 148 24265 1,024 11,800 19791 5737 658 620 112 114 124 Pos Pos
3 4 28567 10488 8621 4871 4587 185 0 0 656 182 20 9 Pos Pos
4 3 10,045 0 4 0 18 640 378 3210 231 841 4363 2472 Pos Pos
5 1 23339 1364 1,099 649 23339 195 271 506 926 300 Pos  Pos
6 1 14382 148 71 257 248 342 1014 11 14382 21 2% 0 Neg Neg
7 1 4576 128 1317 84 247 1464 136 342 642 505 4576 565 Neg Neg
8 1 2485 9 70 237 618 371 124 1111 2485 773 379 120 87 Neg Neg
9 1 2445 38 76 221 209 180 193 2,445 1231 239 134 134 Neg Neg
0 1 2233 75 2233 235 0 0 0 0 1 0 0 1285 Neg Neg
1 2201 126 430 1234 1943 257 403 352 2,201 284 383 Neg Neg
129 0 0 205 131 34 0 300 0 0 63 244 244 124 Pos Pos

DSA, donor-specific antibody; MFI, mean fluorescence intensity; HLA, human leukocyte antigen; vXM, virtual cross match; ZMFI, summation of the mean
fluorescence intensity values of each donor-specific antibody; CDC, complement-dependent cytotoxicity; pXM, physical cross-match; Pos, positive; Neg,

negative; AR, acute rejection.

#)This patient had strong auto-antibody due to lupus, no DSA (negative vXM), positive pXM, poor compliance, mild AR (< 1 year), severe AR (>1 year), and

graft loss.
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pXM results. Six positive vXM patients (55%) had negative
pXM (patients 6-11 in Table 2). DSA to HLA Class | or II
was randomly distributed and was not associated with
the result of pXM. There was a trend to suggest that more
DSA and higher MFI values resulted in a positive pXM;
the summation of the MFI values of each DSA (ZMFI) rep-
resents this trend. Our approach was to create a “sum MFI
threshold” point; this was done by computing a summed
continuous MFI score for all DSAs >2,000 MFI, defined
as: X; 1(x1>2,000)+x, 1(x,>2,000)+...+x, 1(x,>2,000), where
"I(x,>2,000)" is an "indicator function" and equal to “1” if
the condition is true (i.e., if x,>2,000) and zero otherwise.
Examination of the different ZMFI thresholds suggested
that positive vXM with an MFI =5,000 may provide a practi-
cal guideline correlating to pXM.

Comparison of Enhanced vXM and pXM: Relationship
with Observed AR

Positive vXM with an MFI 25,000 demonstrated a good
association with pXM, with sensitivity and specificity of
83% and 98%, respectively (P<0.001) (Table 3). The false
positive rate of vXM decreased from 54% to 17% with
enhanced vXM. Six patients met the enhanced criteria.
Five patients developed positive CDC pXM at the time of
ITX, all of whom eventually experienced early or late-on-
set AR. One patient who had a negative CDC pXM did not
develop AR for 6.5 years after ITX and showed excellent
graft function. Seven episodes of AR were observed in
these six patients, three of which were severe. Of the three

Intestinal
transplantation

Post-transplant

Organ offer
follow-up
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severe ARs, all resulted in graft loss; one developed less
than a year and the others developed 1.7 and 4.3 years
after ITX. Using the enhanced vXM showed a correlation
with development of AR (P=0.013) and graft loss due to
AR (P=0.047) by Kaplan—Meier log-rank test. However, we
could not demonstrate a significant association with the
occurrence of severe AR (P=0.267). Using ZMFI with an
enhanced vXM as the basis for a proposed guideline, the
pXM and outcome of ITX are summarized in Fig. 1 by time
sequence from left to right.

DISCUSSION

Numerous valuable reports have demonstrated that the
presence of DSA, whether present before or after ITX, is
associated with more frequent and serious AR and eventu-
ally results in poor graft survival [3-9]. The majority of ITX
centers perform anti-HLA Ab tests at the time of listing,
vXM when organ offer is available, and pXM at the time
of ITX. In addition to this standard practice, some centers
follow DSA after ITX as part of a protocol or when AR
occurs. The purpose of both vXM and pXM is to detect
preformed DSAs. Theoretically, the presence of preformed
DSA, identified via a positive vXM, should result in a pos-
itive pXM. Therefore, a high rate of false positives in the
vXM will result in prolonged time on the waiting list and ef-
fectively penalize patients for “presumed” immunological

Qutcome

of AR P Fig. 1. Post-hoc correlation between pro-
posed guideline using enhanced virtual

cross match (vXM) with summation of

Proposed 20 Patient

12 Patient

8 Graft the mean fluorescence intensity values of

quideline CDC pXM with AR with loss due each donor-specific antibody (XMFI), phys-

severe AR to AR ical cross-match (pXM), and outcome of

intestinal transplantation (ITX). AR, acute

5 Positive n=5 n=3 n=3 rejection; CDC, complement-dependent cy-

- (83%) [ | (3/6,83%) [ | (3/6,50%) [ | (3/6, 50%) totoxicity; MFI, mean fluorescence intensity.

6 Positive vXM ’ i ’ a) i K ) o i

i Positive XYM with one donor-specific an
with MF1>5,000 3 , ) . )

17 Negative | | n=0 ti-human leukocyte antigen antibody to DR11

(17%) (MFI, 14,382) but resulted negative pXM. No

episode of AR with good graft function on

45 Negative vXM 19 positive n=1 L n=t L n=t 6.6 years follow-up; "'Strong auto-Ab due to

or 5 positive VXM (2%) (1/50, 2%) (1/50, 2%) (1/50, 2%) Lupus. Negative vXM but resulted positive

with EMFI<5,000 pXM. Developed mild AR 5 month and se-

49 Negative n=14 n=8 n=4 N ~

n=50 (98%) (14150, 28%)| ] (8/50, 16%) [ ] (4/50, 8%) ;E;é\: 15 year after [TX due to non-com

234 https://doi.org/10.4285/kjt.21.0028



Moon JI et al. Virtual crossmatch is enhanced with sum of MFI

risk. Abu-Elmagd et al. [5] reported a strong association
between DSA, either preformed or de novo, and long-term
intestinal allograft survival using an MFI cutoff of 1,000.
Data from this report demonstrated that preformed DSA,
identified through a vXM, was poorly predictive of the CDC
pXM result. Among 49 patients with positive vXM, 10 (20%)
had negative CDC pXM, and 6% of patients with negative
vXM ultimately had positive CDC pXM. Data from Cheng et
al. [8] also demonstrated a discrepancy between vXM and
CDC pXM in their report investigating prevalence and role
of DSA on ITX outcome. In this study of 109 patients, of
12 patients with positive vXM using an MFI cutoff value of
1,000 only two (17%) had a positive CDC pXM. Moreover,
7% of patients (5/73) with negative vXM developed posi-
tive CDC pXM. Therefore, vXM, as currently applied, does
not seem to be an adequate substitute for pXM and should
be optimized for use in clinical practice as an effective
predictor of pXM. The limited value of vXM and its relative-
ly poor ability to predict pXM drove our current attempt to
develop a guideline that can be applied more reliably in the
virtual donor and recipient matching process.

There are several unique features of our study, which
makes our findings valid and reliable. First, the study
group was homogeneous. We designed the selection cri-
teria to exclude possible confounding factors affecting
immunologic responses and the development of AR as
much as possible. As such, the study group was limited
to adults with primary isolated ITX. Patients who had two
or more ITXs were also excluded to avoid introducing bias
from within-subject correlation. The inclusion of subse-
quent transplants within our survival analysis would treat
each ITX as an independent event, and therefore introduce
bias by ignoring the assumption that recurrent events
are correlated [10,11]. Because of the potential impact
of liver grafts on additional immune protection and the
lower risk of AR, the study group was limited to isolated
ITX [5,9]. These stricter inclusion criteria reduced the total
number of patients available for analysis, but we believe
that they served to limit potential confounding factors.
Second, all data in this study were obtained from a pro-
spectively maintained database. Pre-ITX follow-up, organ
acceptance, transplant surgery, and post-ITX management
strictly adhered to the clinical protocol, and all data were
recorded prospectively. The anti-HLA Ab test was per-
formed at a single laboratory facility using the same tech-
nique under strict quality control. The immunosuppressive
therapy policy was the same in all patients throughout the
study period. There was no clinical diagnosis or empiric
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treatment for AR, and the diagnosis of AR followed strict
criteria, composed of relevant symptoms and signs, and
definite histologic findings. All equivocal or inconclusive
diagnoses were confirmed by repeated biopsies without
altering the immunosuppressive therapy. No patient was
lost during follow-up. This unique feature minimizes the
era effect and unconscious bias. Of note, all data pertain-
ing to vXM were from the serum collected on the day of
ITX. In clinical practice, the available vXM results are from
historical serum, not current serum. In the interest of uni-
formity, we decided to use results using serum on the day
of ITX because there is a possibility that historical serum
may not reflect current Ab status. Although the data on
the correlation between historical and current serum is not
included in this manuscript, there was a good correlation
with only minor variations. We believe that these potential
differences should not affect the wider application of our
observations in routine clinical practice.

Our data highlight the close relationship between pos-
itive pXM and AR, which is consistent with the published
literature. It is important to emphasize that AR can occur
in the absence of a positive pXM, even though a positive
pXM is clearly a signal for increased risk of AR. Indeed,
the six patients with positive pXM in our cohort had nine
episodes of AR, four of which were severe, and all of the
severe AR episodes led to graft loss. It is also noteworthy
that five of the nine episodes of AR were mild or moderate
and were successfully treated without any impact on graft
survival. Thus, the decision to accept the risk of positive
pXM will be center-specific and contingent upon appetite
for risk as well as recipient factors. This decision-making
is beyond the scope of the current report. It is also of inter-
est that in the context of preformed DSA, all episodes of
AR in our dataset are episodes of acute cellular rejection.
We have not seen a clear example of antibody-mediated
rejection, which remains an uncommon event in ITX. Not-
withstanding these unresolved issues, the ability to im-
prove the correlation between a pre-ITX vXM and the pXM,
in order to predict the likelihood of a positive pXM with
greater confidence, appears to be of great importance in
attenuating the risk of AR after ITX.

A relatively recent technique, SBA, provides an oppor-
tunity to identify preformed DSAs with ease, and more
importantly, ahead of ITX. Hawksworth et al. [12] reported
that vXM allowed successful ITX in their sensitized pa-
tients by immunologic risk reduction, which prompted the
authors to examine the efficacy of vXM, focusing on the
identification of a high-risk ITX. We attempted to identify
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relevant MFI thresholds to define DSA. The results of SBA,
a profile of anti-HLA Ab, were translated into DSA and vXM
based on the MFI cutoff. We hypothesized that a valid
MFI threshold means an MFI threshold that yields a vXM,
which correlates best with pXM. The most commonly used
MFI cutoffs in the literature were 1,000 and 2,000. We test-
ed MFI values of 0, 500, 1,000, 2,000, 5,000, and 10,000.
As shown in the Results section, our retrospective analysis
of vXM revealed variable correlations with pXM based on
different MFI thresholds, with different sensitivities and
specificities. If the clinician’s purpose in performing the
vXM is to identify low-risk ITX, high specificity (probability
of a negative test given that the condition is negative) is
important. However, if the purpose is to avoid a high-risk
ITX, high sensitivity (probability of a positive test given that
the condition is true) is ideal. However, vXM with high sen-
sitivity would carry too many false positives and therefore
risk excluding too much lower risk, that is, pXM-negative
ITX. Identifying sweet spots of sensitivity and specificity
is critical for identifying meaningful MFI thresholds. The
universal application of our conclusion, an MFI threshold
of 2,000 to identify preformed DSAs, with an effective as-
sociation between vXM and pXM, is debatable. Valid and
useful associations depend on additional factors, includ-
ing the organ acceptance policy, immunosuppression, the
graft surveillance policy, and the diagnostic criteria of AR.
The MFI threshold of 2,000 was the most effective in our
study group in our clinical practice. With this caveat, each
center may determine different thresholds, with a yield of
DSA and vXM correlating the best to pXM. Without such an
examination, the valid MFI cutoff in each center remains
unknown. Despite using the most valid MFI cutoff to iden-
tify preformed DSAs, indicating a good association with
pXM, our own false positive rate of 54% was unacceptably
high. Furthermore, unlike pXM, positive vXM was unrelat-
ed to the development of AR, severe AR, or graft loss due
to AR. Therefore, it became clear that a positive vXM was
inadequate to abort a potential ITX, and we needed guid-
ance that is more meaningful. Our data demonstrated that
DSA with a low MFI did not affect the pXM result. On the
contrary, the number of DSAs and their MFI values seemed
more closely related to pXM. To develop a guideline includ-
ing this concept, we adapted XMFI to create a new guide-
line. We should emphasize that MFI >5,000 is arbitrary
and should not be viewed as an absolute humber. Indeed,
our results were the same when we used any value above
5,000 for ZMFl in our data.

In an ongoing effort to avoid positive pXM in ITX, we
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propose enhancements to the current vXM, which predicts
pXM better than the simple vXM in its current form. The
refined guideline showed better association with pXM and
was associated more closely with outcomes of ITX, such
as the development of AR and graft loss due to AR. There-
fore, we believe this guideline is a valid substitute for the
unrefined vXM in its current form and is more effective at
predicting a positive pXM. In the current era, when there
are no effective treatments for severe AR, avoiding high-
risk ITX is an important strategy to improve the outcomes
of ITX. However, decreasing the number of erroneously
and unnecessarily aborted ITX due to presumed potential
immunological risk from the current limitations of vXM is
equally important in this life-saving procedure. We make
no recommendations on the ultimate determination of risk
in proceeding with an ITX, which is influenced by many
factors, especially the recipient clinical status and cen-
ter experience. In the absence of data, sound judgment
must be ruled out. We view our refined guideline as a risk
assessment strategy that attenuates the risk of AR devel-
opment without avoiding ITX, which is consistent with our
program philosophy. We perform endoscopy and biopsy
only for cause and do not create ostomy for the purpose of
frequent endoscopic evaluation [13,14]. We hope that this
guideline provides the ability to identify high-risk patients
and to plan an individualized strategy for graft surveillance
and immunosuppressive therapy.

In conclusion, pXM is a strong risk factor for the devel-
opment of AR and graft survival. vXM with a MFI of 2,000
showed the best association with pXM. However, vXM re-
sulted in a high false positive rate, and a positive vXM was
not a risk factor for the development of AR or poor graft
survival. vXM enhanced by XMFI greater than 5,000, rep-
resenting the number and strength of DSA, demonstrated
better association with pXM, which in turn correlates with
the development of AR and graft survival.
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