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The Trend of Serum Creatinine Does Not Predict 
Follow-Up Biopsy Findings Among Kidney 
Transplant Recipients With Antibody-Mediated 
Rejection
Sandesh Parajuli, MD,1 Weixiong Zhong, MD,2 Monika Pantha, BS,1 Megan Sokup, PA,1  
Fahad Aziz, MD,1 Neetika Garg, MD,1 Maha Mohamed, MD,1 and Didier Mandelbrot, MD1

Antibody-mediated rejection (AMR) is the most common 
cause of kidney allograft failure.1 Serum creatinine is a 

commonly used screening test for changes in kidney allograft 

function.2 The serum creatinine level is the most valuable 
prognostic marker of subsequent graft function.2 However, 
various studies have demonstrated that the serum creatinine 
level is not a sensitive marker for detecting changes in renal 
function.3,4 By the time there is a significant rise in serum 
creatinine, there could have been various acute and chronic 
changes in the kidney allograft suggestive of AMR, including 
peritubular capillaritis (ptc), glomerulitis (g), and transplant 
glomerulopathy (cg), which could have been missed if patients 
had not undergone an allograft biopsy.5

Diagnostic criteria for AMR are evolving. The most com-
monly used guideline for the diagnosis of AMR is the Banff 
criteria. This is an international consensus guideline for 
reporting the pathology of biopsies for solid organ transplants 
and is reviewed and updated every 2 y.6 The 3 main features 
for the diagnosis of AMR according to the Banff guidelines 
are the presence of histological evidence of tissue injury that 
is evident by microvascular inflammation (MVI, g, or ptc); 
evidence of current or recent antibody interaction with vascu-
lar endothelium evident by linear C4d staining in peritubular 
capillaries, moderate MVI ≥2, or increased gene transcripts 
strongly associated with AMR; and serological evidence 
of donor-specific antibodies (DSAs).7 With the latest Banff 
guidelines, the need for antibody interaction and the presence 
of DSA is less imperative.8,9 However, MVI is maintained as 
critical for diagnosing AMR. In a recent joint XVIth Banff 
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Kidney Transplantation

Background. Traditionally, antibody-mediated rejection (AMR) has been suspected mainly by a rise in serum creatinine 
(Scr) and confirmed by allograft biopsy. There is limited literature describing the trend of Scr after treatment, and how that 
trend might differ between patients with histological response and with no response to treatment. Methods. We included 
all cases of AMR at our program between March 2016 and July 2020 who had a follow-up biopsy after the index biopsy, with 
initial diagnosis of AMR. We trended the Scr and change in Scr (delta Scr) and its association with being a responder (micro-
vascular inflammation, MVI ≤1) or nonresponder (MVI >1), as well as graft failure. Results. A total of 183 kidney transplant 
recipients were included, 66 in the responder group and 177 in the nonresponder group. The MVI scores and sum chronicity 
scores, along with transplant glomerulopathy scores, were higher in the nonresponder group. However, Scr at index biopsy 
was similar in responders (1.74 ± 0.70) versus nonresponders (1.83 ± 0.65; P = 0.39), as were the delta Scr at various time 
points. After adjustment for multiple variables, delta Scr was not associated with being a nonresponder. Also, delta Scr value 
at follow-up biopsy compared with index biopsy among responders was 0 ± 0.67 (P = 0.99) and among nonresponders was 
–0.01 ± 0.61 (P = 0.89). Being a nonresponder was significantly associated with an increased risk of graft failure at the last 
follow-up in univariate analysis but was not in multivariate analysis (hazard ratio 1.35; 95% confidence interval, 0.58-3.17; 
P = 0.49). Conclusions. We found that Scr is not a good predictor of the resolution of MVI, supporting the utility of 
follow-up biopsies after treatment of AMR.(Transplantation Direct 2023;9: e1489; doi: 10.1097/TXD.0000000000001489.)
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Allograft Pathology and Canadian Society of Transplantation 
Meeting, there was a proposal to use the term MVI with or 
without DSA instead of AMR.10

The management of AMR is also evolving, but current 
outcomes after AMR are disappointing. In one study, median 
graft survival after chronic active AMR was <2 y.11 However, 
outcomes of treated subclinical AMR are similar to that of 
patients without rejection.12 At our program, all patients 
with the diagnosis and treatment of AMR undergo follow-
up biopsy after approximately 12 wk of treatment. It is not 
known whether the serum creatinine trend in between these 
biopsies predicts histological findings on the follow-up biopsy. 
In this study, we describe our experience with kidney trans-
plant recipients diagnosed with biopsy-proven AMR who 
underwent treatment and follow-up biopsies to determine 
how well the serum creatinine trend between the 2 biopsies 
predicted the resolution of MVI.

PATIENTS AND METHODS

Patients
We evaluated all patients at the University of Wisconsin who 

underwent a kidney allograft biopsy between March 1, 2016, 
and July 31, 2020. All patients with biopsy-proven active or 
chronic active AMR with sum MVI (sum of g+ptc) scores of 
≥2 and who had received treatment along with follow-up 
biopsy after treatment were included in the study and divided 
into 2 groups based on the follow-up biopsy findings of MVI. 
Patients were considered to be responders if MVI score was 
≤1 and to be nonresponders if MVI score was persistently 
≥2 in the follow-up biopsy. We trended the serum creatinine 
between the index biopsy and the follow-up biopsy to see the 
association between the trend and being a responder versus a 
nonresponder. We hypothesized that responders would have 
significant improvement in the serum creatinine from index 
biopsy to follow-up biopsy, whereas nonresponders would 
not have significant improvement. Factors associated with 
being responders and risk factors for death-censored graft 
failure (DCGF) were outcomes of interest.

Most of the allograft biopsies were performed for cause, 
mainly in the setting of unexplained acute kidney injury (AKI) 
or unexplained proteinuria. Although there was no proto-
col to perform a biopsy based on an absolute rise in serum 
creatinine values, most of the recipients underwent kidney 
biopsy for an unexplained rise in serum creatinine >0.3 mg/
dL and based on clinical judgment, taking into account fac-
tors such as noncompliance and immunological risk. During 
AKI, the estimated glomerular filtration rate (eGFR) may not 
be appropriate to estimate allograft function.13 Also, most 
of the criteria for the diagnosis of AKI, including the Kidney 
Disease: Improving Global Outcomes,14 Acute Kidney Injury 
Network,15 and RIFLE criteria (Risk, Injury, Failure, Loss of 
kidney function, and End-stage kidney disease),16 are based on 
serum creatinine rather than eGFR. Therefore, in this study, 
we report our outcomes based on the serum creatinine rather 
than the eGFR.

Study Protocol and Data Collection
This study was approved by the University of Wisconsin 

School of Medicine and Public Health Institutional Review 
Board (protocol number: 2014-1072). Data collection 
included basic demographic information, date of kidney 

transplantation, age, race, gender, induction immunosuppres-
sion, and type of transplant. We collected the histology of 
kidney biopsies, DSA information, as well as uncensored and 
DCGF. DCGF was defined as a return to dialysis or retrans-
plantation by end of the data analysis in September 2022. The 
patient’s last follow-up was censored at death or DCGF for 
those who experienced it or at last serum creatinine among 
those with a functioning graft. Delta serum creatinine was 
calculated as the difference between serum creatinine at index 
biopsy and serum creatinine at various time points after that.

Anti-HLA Antibody Screening by Solid-Phase 
Fluorescent Beads

Donor-specific HLA class I and II antibodies were detected 
pretransplant and posttransplant using Luminex single anti-
gen beads (One Lambda, Canoga Park, CA) and performed 
according to the manufacturer’s instructions with the single 
modification in which a reduced volume of beads (3 versus 5 
µL) was used, as reported previously.17 Briefly, antibodies were 
identified using multiple criteria including patterns of epitope 
reactivity, mean fluorescent intensity value, specific bead 
behaviors, and assay background, as described previously.18

The strength of DSA was represented as the sum of the 
mean fluorescence intensity value of all DSAs. Patients diag-
nosed with de novo DSA (dnDSA) had no detectable DSA pre-
transplant or posttransplant when tested before the diagnosis 
of dnDSA. Routine posttransplant monitoring of DSA was 
performed on all transplant recipients at 6 and 12 mo and 
annually thereafter. Patients with a pretransplant calculated 
panel-reactive antibody >0 were tested at an additional 3-wk 
time point, and patients with pretransplant DSA were tested 
at additional 3-wk, 6-wk, and 3-mo time points. All patients 
undergoing transplant biopsies for any reason had DSA test-
ing as a part of the biopsy visit.19

Immunosuppression
Patients undergoing kidney transplant received induction 

immunosuppression with a depleting agent (antithymocyte 
globulin or alemtuzumab) or nondepleting agent (basiliximab) 
based on immunological risk factors. Patients with pretrans-
plant DSA, end-stage kidney disease because of glomerulone-
phritis, and those planned for early steroid withdrawal were 
more likely to receive depleting agents for induction. Patients 
were typically maintained on a triple immunosuppressive reg-
imen with a calcineurin inhibitor (tacrolimus), antiprolifera-
tive agent (mycophenolate mofetil or mycophenolic acid), and 
steroids. Some patients had early steroid withdrawal, based 
on clinical judgment and the patient’s request. Doses and drug 
levels were individually adjusted at the physician’s discretion 
based on the patient’s clinical condition, including infection, 
malignancy, and rejection, as described before.20

Laboratory Follow-Up and Kidney Allograft Biopsy
All transplant recipients were followed at either the 

University Hospital or various outreach regional clinics at 
least once a y until graft failure or until the patient decides 
to transfer their care to a different transplantation center 
as described before.21 All recipients had routine blood tests, 
including serum creatinine, more frequently in the beginning 
and every 1 to 3 mo indefinitely. Most biopsies were done 
for the cause, mainly related to an unexplained rise in serum 
creatinine or proteinuria. Protocol biopsies were performed 
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at mo 3 and 12 for all patients with pretransplant DSAs and 
those who developed dnDSAs as previously described.17

AMR Treatment
AMR treatment protocols at our institution are based on 

both the severity of rejection and the time after transplant at 
which AMR is diagnosed as previously described.17 Briefly, 
for early rejection (within 3 mo posttransplant), treatment 
includes dexamethasone 100 mg bolus and taper, plasma-
pheresis 4-6 sessions, and IVIG 100 mg/kg after each plas-
mapheresis followed by IVIG 500 mg/kg every wk 4×. Late 
rejection (>3 mo posttransplant) is treated with dexametha-
sone 100 mg bolus and taper and IVIG 500 mg/kg every wk 
4×. Rituximab 375 mg/m2 single dose is added on the basis 
of clinician judgment of clinical and laboratory findings.

Recipients undergo a follow-up kidney biopsy after approx-
imately 12 wk posttreatment of AMR. During this period, 
patients are recommended to get laboratory tests, including 
serum creatinine, every 1 to 2 wk. Also, all patients would 
have serum creatinine checked on the d of biopsies (both 
index and follow-up). Recipients with persistent MVI >1 on 
the follow-up biopsy are usually retreated with the same regi-
men but are less likely to receive rituximab or other treatment, 
based on the provider’s discretion.

Statistical Analysis
Continuous data were compared using the Student t test or 

the Wilcoxon rank-sum test, as appropriate, whereas categori-
cal data were analyzed using the Fisher exact test or chi-square 
test. P values of ≤0.05 were considered statistically significant. 
Risk factors associated with being a nonresponder and DCGF 
were studied using univariate and multivariate stepwise Cox 
regression analyses. Some of the baseline characteristics, 
changes in serum creatinine (delta creatinine from the index 
biopsy), and immunopathological features were used to assess 
the risk of graft failure. Variables associated with outcomes at 
a P value of ≤0.10 in univariate analysis were kept in the mul-
tivariate analysis. Death-censored graft survival was analyzed 
using Kaplan-Meier analyses.

RESULTS

A total of 183 recipients fulfilled our selection criteria; 66 
(36%) were responders and 117 (64%) were nonrespond-
ers (Table 1). The majority of biopsy were for cause, mainly 
because of an unexplained rise in serum creatinine. However, 
a total of 61 patients, 20 (30%) in the responder group and 
41 (35%) in the nonresponder group, underwent DSA-guided 
protocol biopsies (P = 0.54). All the included baseline char-
acteristics were similar between the groups, including the 
interval from transplant to index biopsy and the interval 
between the index and follow-up biopsies. The mean serum 
creatine at the time of index biopsy among the responders was 
1.74 ± 0.70 mg/dL compared with 1.83 ± 0.65 mg/dL among 
nonresponders (P = 0.39; Table  2). Although not all recipi-
ents had serum creatinine checked at all time points of 1 wk, 
2 wk, 4 wk, 8 wk, and 10 wk post index biopsy, all had serum 
creatinine checked at the time of the index biopsy and fol-
low-up biopsy. On comparing index biopsy serum creatinine 
with the various time points post index biopsy, there were no 
statistically significant differences found in serum creatinine 
either among the responders or nonresponders. The change 
in serum creatinine from the index biopsy to the follow-up 

biopsy was 0 ± 0.67 mg/dL (P = 0.99) among responders and 
–0.01 ± 0.61 mg/dL among nonresponders (P = 0.89).

The details of Banff scores and DSA levels among respond-
ers and nonresponders are summarized in Table 3. At index 
biopsy, responders had a lower percentage of recipients with 
DSA against class II antigen, lower mean MVI scores, a lower 
degree of cg scores, and lower sum chronicity scores. There 
was no significant difference in the treatment of AMR between 
the groups. As expected, at the follow-up biopsy, most of the 
Banff scores were statistically different between the groups.

Cox regression analysis was performed, looking for factors 
associated with being a nonresponder (Table 4). In univariate 
analysis, factors associated with being a nonresponder were 
increased delta serum creatinine at 4 wk, higher MVI scores, 
C4d scores, cg scores, and sum chronicity scores at index 
biopsy. After adjustment for multiple variables, the only factors 
associated with being a nonresponder were higher MVI scores 
(per each 1 increase; hazard ratio [HR] 1.29; 95% confidence 
interval [CI], 1.02-1.64; P = 0.03) and higher C4d scores (per 
each 1 increase; HR 1.23; 95% CI, 1.02-1.48; P = 0.03).

There were a total of 52 DCGF at the last follow-up, 11 
(20%) in the responder group and 41 (39%) in the nonre-
sponder group (P = 0.02). Looking for risk factors for DCGF 
(Table 5), in univariate analysis, delta serum creatinine values 

TABLE 1.

Baseline characteristics of participants

Characteristics 
Responder 

(N = 66) 
Nonresponder 

(N = 117) P 

Age at transplant (y) 45.5 ± 14.4 42.8 ± 16.2 0.25
Preemptive transplant, n (%) 16 (24) 25 (21) 0.20
Male, n (%) 38 (58) 81 (69) 0.11
Nonwhite, n (%) 16 (24) 36 (31) 0.35
Cause of ESKD, n (%)   0.87
  Diabetes 10 (15) 16 (14)
  Hypertension 6 (9) 15 (13)
  Glomerular disease 23 (35) 42 (36)
  Other 27 (41) 44 (38)
Living donor, n (%) 26 (39) 36 (31) 0.24
Previous transplant, n (%) 16 (24) 33 (28) 0.56
Mean HLA mismatch (of 6) 3.9 ± 1.4 4.0 ± 1.4 0.88
Induction agent, n (%)   0.63
  Antithymocyte globulin 25 (38) 37 (32)
  Alemtuzumab 5 (8) 14 (12)
  IL-2 inhibitor 30 (46) 58 (50)
  Other/none/unknown 6 (9) 8 (7)
  Indication for the index biopsy, n (%)    
  Protocol 20 (30) 41 (35) 0.54
  For cause 46 (70) 77 (65)
Interval from transplant to index biopsy (mo) 87.5  ± 93.9 80.9 ± 71.9 0.59
Interval from index biopsy to follow-up  
  biopsy (d)

102.0 ± 31.6 93.5 ± 28.9 0.07

Interval from index biopsy to last follow-up  
  (mo)

41.2 ± 16.3 38.3 ± 17.2 0.27

DCGF within 1 y of index biopsy 3 (5) 5 (4) 0.93
Uncensored graft failures at last  
  follow-up (%)

19 (29) 55 (47) 0.02

DCGF at last follow-up (%) 11 (20) 41 (39) 0.02

Bold values indicate statistically significant value with P <0.05.
DCGF, death-censored graft failure; ESKD, end-stage kidney disease; IL-2, interleukin 2.
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at 1 wk and at follow-up biopsy were associated with a lower 
risk of DCGF, along with the younger age of the recipient. 
Being a nonresponder, higher cg scores and higher sum chro-
nicity scores were associated with increased risk for DCGF. 
In unadjusted Kaplan-Meier survival analysis, nonresponders 
were associated with an increased risk of DCGF (Figure 1). 
After adjustment of multiple significant variables from the uni-
variate analysis, the only variable associated with decreased 
risk of DCGF in multivariate analysis was delta serum creati-
nine (HR 0.18; 95% CI, 0.04-0.78; P = 0.02) at 1 wk from the 
index biopsy.

All analyses were repeated while excluding patients who 
underwent DSA-guided protocol biopsy with stable serum creati-
nine, and the results were essentially the same (data not shown).

DISCUSSION

In this large series of 183 kidney transplant recipients with 
an initial diagnosis of AMR and treatment along with follow-up 
biopsy, we looked at various factors associated with the resolution 
of MVI, with a particular focus on the serum creatinine change 
between the 2 biopsies. Interestingly, we did not find significant 

TABLE 2.

Changes in serum creatinine levels

Responder Nonresponder

Time N 
Mean ± SD 

(mg/dL) 
Delta change from 
the index (mg/dL) 

P (vs index 
biopsy) N 

Mean ± SD 
(mg/dL) 

Delta change 
(mg/dL) 

P (vs index 
biopsy) 

Serum Cr Index biopsy 66 1.74 ± 0.70 – – 117 1.83 ± 0.65 – 0.39
1 wk 33 1.95 ± 0.89 0.20 ± 0.77 0.22 52 1.79 ± 0.60 –0.04 ± 0.64 0.68
2 wk 44 1.85 ± 0.76 0.11 ± 0.73 0.44  74 1.83 ± 0.57 0 ± 0.62 0.95
4 wk 52 1.77 ± 0.70 0.03 ± 0.70 0.84 96 1.75 ± 0.62 –0.08 ± 0.64 0.33
8 wk 47 1.78 ± 0.62 0.04 ± 0.67 0.75 92 1.86 ± 0.58 0.03 ± 0.62 0.73
10 wk 38 2.04 ± 1.83 0.29 ± 1.24 0.24 66  1.81 ± 0.67 –0.02 ± 0.66 0.84
Follow-up biopsy 66 1.74 ± 0.64 0 ± 0.67 0.99 117  1.82 ± 0.57 –0.01 ± 0.61 0.89

Cr, creatinine.

TABLE 3.

DSA and Banff scores at index biopsy

 Index biopsy Follow-up biopsy

  Responder Nonresponder P Responder Nonresponder P 

DSA at index biopsy Against class I(%) 14 (21) 39 (33) 0.08 7 (11) 26 (22) 0.051
Against class II (%) 33 (50) 78 (67) 0.03 27 (41) 60 (51) 0.18
Sum MFI class I 2998 ± 7948 3873 ± 5184 0.64 1938 ± 4020 2646 ± 3699 0.66
Sum MFI class II 12 082 ± 14 109 12 769 ± 13 777 0.81 8821 ± 9918 11 777 ± 13 362 0.31

Banff scores g 0 4 (6) 5 (4) 0.005 51 (77) 3 (3) <0.001
1 29 (44) 33 (28) 15 (23) 38 (33)
2 26 (39) 40 (35) 0 48 (41)
3 7 (11) 39 (34) 0 28 (24)

ptc 0 14 (21) 16 (14) 0.04 58 (88) 13 (11) <0.001
1 37 (56) 52 (44) 8 (12) 68 (58)
2 15 (23) 44 (38) 0 33 (28)
3 0 5 (4) 0 3 (93)

Mean MVI (g+ptc) 2.56 ± 0.89 3.29 ± 1.12 <0.001 0.35 ± 0.48 3.08 ± 1.0 <0.001
C4d 0 57 (86) 86 (74) 0.15 62 (94) 90 (77) 0.01

1 1 (2) 2 (2) 2 (3) 3 (3)
2 3 (5) 5 (4) 0 6 (5)
3 5 (8) 24 (21) 2 (3) 18 (15)

cg 0 41 (65) 48 (43) 0.03 51 (77) 52 (45) <0.001
1 11 (18) 27 (24) 6 (9) 24 (21)
2 5 (8) 21 (19) 4 (6) 21 (18)
3 6 (10) 17 (15) 5 (8) 19 (16)

Mean sum chronicity scores
(cg+cv+ct+cv)

3.23 ± 2.20 4.12 ± 2.25 0.009 3.26 ± 2.09 4.12 ± 2.41 0.02

Treatment IVIG 63 (96) 111 (95) 0.86  
Steroids 63 (96) 111(96) 0.86
Rituximab 30 (46) 69 (59) 0.08
Plasmapheresis 4 (6) 3 (3) 0.24

Bold values indicate statistically significant value with P <0.05.
cg, transplant glomerulopathy; ct, tubular atrophy; cv, fibrous intimal thickening; DSA, donor-specific antibody; g, glomerulitis; MFI, mean fluorescent intensity; MVI, microvascular inflammation; ptc, 
peritubular capillaritis.



© 2023 The Author(s). Published by Wolters Kluwer Health, Inc.	 	 5Parajuli et al

TABLE 4.

Factors associated to be nonresponder

  Univariate analyses  Multivariate analyses

Covariate HR 95% CI P HR 95% CI P 

Delta Scr at 1 wk (per 0.1) 1.33 0.66-2.70 0.41    
Delta Scr at 2 wk (per 0.1) 1.48 0.85-2.56 0.16    
Delta Scr at 4 wk (per 0.1) 1.46 1.01-2.12 0.04 1.39 0.97-1.98 0.07
Delta Scr at 8 wk (per 0.1) 1.57 0.86-2.90 0.14    
Delta Scr at 10 wk (per 0.1) 1.58 0.81-3.06 0.17    
Delta Scr at follow-up biopsy (per 0.1) 1.38 0.87-2.19 0.16    
Indication for biopsy as for cause 0.84 0.57-1.24 0.38    
Interval from transplant to index biopsy (per mo) 1.0 0.99-1.01 0.99    
Age at transplant (per y) 0.99 0.98-1.01 0.48    
HLA mismatch (per each) 1.01 0.89-1.14 0.84    
Male 1.28 0.86-1.90 0.21    
None white recipient 0.99 0.67-1.48 0.99    
Cause of ESKD DM vs other 0.79 0.46-1.35 0.38    
Living donor 0.99 0.66-1.48 0.97    
Previous transplant 1.03 0.68-1.54 0.88    
Depleting induction 0.93 0.65-1.34 0.71    
MVI scores at index biopsy (per each) 1.41 1.18-1.68 <0.001 1.29 1.02-1.64 0.03
C4d scores at index biopsy (per each) 1.16 1.01-.35 0.04 1.23 1.02-1.48 0.03
Cg scores at index biopsy (per each) 1.25 1.05-1.48 0.01 1.07 0.81-1.40 0.62
Sum chronicity scores (per each) 1.12 1.04-1.21 0.002 1.04 0.91-1.19 0.57
DSA class II present at index biopsy 1.54 1.04-2.27 0.03 1.31 0.83-2.07 0.23
Rituximab for treatment 1.27 0.88-1.85 0.19    

Bold values indicate statistically significant value with P <0.05.
cg, transplant glomerulopathy; CI, confidence interval; DM, diabetes; DSA, donor-specific antibody; ESKD, end-stage kidney disease; HR, hazard ratio; MVI, microvascular inflammation; Scr, serum 
creatinine.

TABLE 5. 

Factors associated with DCGF at last follow-up

   Univariate analyses  Multivariate analyses

Covariate HR 95% CI P HR 95% CI P 

Delta Scr at 1 wk (per 0.1) 0.16 0.05-0.60 0.006 0.18 0.04-0.78 0.02
Delta Scr at 2 wk (per 0.1) 0.42 0.32-1.63 0.43    
Delta Scr at 4 wk (per 0.1) 0.99 0.54-1.83 0.99    
Delta Scr at 8 wk (per 0.1) 0.51 0.18-1.40 0.19    
Delta Scr at 10 wk (per 0.1) 0.97 0.70-1.35 0.97    
Delta Scr at follow-up biopsy (per 0.1) 0.42 0.19-0.91 0.02 2.42 0.68-8.65 0.17
Indication for biopsy: for cause 1.48 0.81-2.71 0.20    
Nonresponder 2.25 1.16-4.38 0.01 1.35 0.58-3.17 0.49
Age at transplant (per y) 0.97 0.96-0.99 0.02 0.97 0.94-1.01 0.08
HLA mismatch (per each) 0.93 0.77-1.13 0.51    
Male 0.87 0.50-1.53 0.64    
None white recipient 1.20 0.66-2.18 0.54    
Cause of ESKD: DM vs other 1.43 0.69-2.94 0.33    
Living donor 0.79 0.43-1.43 0.43    
Previous transplant 1.04 0.57-1.90 0.90    
Depleting induction 0.95 0.55-1.65 0.87    
MVI scores at index biopsy (per each) 1.17 0.92-1.48 0.19    
C4d scores at index biopsy (per each) 1.11 0.89-1.39 0.35    
Cg scores at index biopsy (per each) 1.39 1.10-1.76 0.005 1.06 0.69-1.65 0.77
Sum chronicity scores at index biopsy (per each) 1.21 1.07-1.35 0.001 1.19 0.87-1.43 0.38
DSA class II present at index biopsy 1.48 0.82-2.67 0.19    
DSA class II present at follow-up biopsy 1.63 0.93-2.86 0.11    
Rituximab for treatment 0.88 0.51-1.53 0.88    

Bold values indicate statistically significant value with P <0.05.
cg, transplant glomerulopathy; CI, confidence interval; DCGF, death-censored graft failure; DM, diabetes; DSA, donor-specific antibody; ESKD, end-stage kidney disease; HR, hazard ratio; MVI, micro-
vascular inflammation; Scr, serum creatinine.
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changes in serum creatinine, either among the responders or non-
responders between the 2 biopsies, despite significant improve-
ment in histopathology on the follow-up biopsies among the 
responders. Higher MVI scores and C4d staining were likely not 
to respond to treatment. Because we usually repeat the AMR 
treatment after follow-up biopsies among nonresponders, it may 
not be surprising that in multivariate analysis (HR 1.35; 95% 
CI, 0.58-3.17) there was no significantly increased association 
between nonresponders and DCGF. These findings support the 
utility of follow-up biopsies after the treatment of AMR and the 
retreatment of persistent MVI on the follow-up biopsy, rather 
than solely relying on the serum creatinine.

Currently, there is no Food and Drug Administration–
approved treatment for AMR.22 Components of the current 
standard of care for the management of AMR include steroid 
pulse, IVIG, depletion of B cells, removal of DSA, inhibition 
of plasma cells, and interleukin-6 blockade.23-27 Outcomes of 
the treatment of AMR, especially in the presence of chronic 
changes or chronic active AMR are poor.11,28,29 Furthermore, 
histological responses to treatment for AMR are also disap-
pointing. In one study, among 82 kidney transplant recipients 
with chronic active AMR, Aziz et al reported that only 7.3% 
had complete resolution of MVI with scores of 0 among recip-
ients treated with steroids and IVIG at 3 mo follow-up biopsy. 
From the same cohort, the resolution of MVI was up to 
19.5% if rituximab was also added.30 The same study found a 
more encouraging response rate as assessed by eGFR, at 27%, 
among groups treated with steroids/IVIG and 66% when 
rituximab was also added.30 These findings are also consistent 
with the idea that serum creatinine or creatinine-based eGFR 
measurement may not be consistent with the histological 

findings after treatment of AMR. Similarly, multiple other 
studies have reported discrepancies between persistent MVI 
and serum creatinine or eGFR as a secondary analysis.17,27,30,31 
Piñeiro et al31 reported that among 90 recipients with AMR, 
with a median interval for follow-up biopsy of 2 mo, 71% of 
recipients still had persistent MVI scores of ≥1.

In the present study, we were not able to find any associa-
tion between changes in serum creatinine (delta serum creati-
nine) and the resolution of MVI. As expected, recipients with 
higher degrees of MVI or C4d at the index biopsy were likely 
to have persistent MVI on the follow-up biopsy, suggesting 
that these patients may need close follow-up. The role of rou-
tine monitoring with donor-derived cell-free DNA to assess 
response to treatment of rejection is evolving and promising 
and could be one of the monitoring tools.32,33

This study has the expected limitations of a single-center 
observational study, reflecting our specific population and 
clinical approach. Our findings are reflective of our practices, 
and this should be factored into the interpretation. However, 
this substantial data set with more granular data provides use-
ful information for estimating risks and outcomes. Also, to 
the best of our knowledge, this study is the largest of its kind, 
with 183 kidney transplant recipients with AMR and follow-
up biopsy. In summary, we found that serum creatinine is not 
a good predictor to determine the resolution of MVI and sup-
port the need for a follow-up biopsy.
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