Pre-Transplant Lymphopenia and Early Severe Recurrace of
Hepatitis C Disease After Liver Transplantation

A thesis submitted by
Katherine Johnson
In partial fulfilment of the requirements for thegree of

Master of Science

Clinical and Translational research
TUFTS UNIVERSITY
Sackler School of Graduate Biomedical Sciences

May 2014

Advisors:
David Snydman, MD, FACP, FIDSA
Lori Lyn Price, MAS
Jessica Paulus, ScD

Jennifer Chow, MD, MSc



Abstract

Recurrence of hepatitis C viral infection (HCV)aforthotopic liver transplantation (OLT) is
nearly universal; however, some patients recumatieh faster rate than others. Low lymphocyte
count has been postulated to be a possible sueragmtker for infection risk after liver transplant
and for severe early recurrence of HCV after OMIe hypothesized that pre-transplant
lymphopenia is associated with early severe renogef hepatitis C after liver transplant. We
aimed to evaluate whether pre-transplant lympha@peais an independent predictor of early
severe recurrence of hepatitis C after liver tréargp Retrospective cohort study of 120 liver
transplants performed at Tufts Medical Center betwE999-2009. Cox proportional hazards
regression analysis was used to examine the aisadietween early severe recurrence of
hepatitis C disease, lymphopenia and several asiefactors. The average age of the study
population was 51 years, 17% were female. Of {I#&5% had a pre-transplant ALC500/ul

and 56% 4000/ul. Forty two percent of the 120 patietgseloped fibrosis 2 within 2 years of
liver transplant. In univariate analyses, predmant ALC $00/ul was significantly associated
with a reduced rate of early severe recurrence@¥ KHR= 0.41, 95% CI| 0.18-0.91). After
multivariable adjustment, pre-transplant ALE09/ul had a significant protective effect against
recurrence (HR 0.40, 95% CI 0.18-0.90). Thosesplmted between 1999-2003 (HR =
0.51,95%CI 0.29-0.91) were less likely to have ttgyved early recurrence. Being at increased
risk for CMV (CMV IgG recipient or donor positivejas associated with an increased risk of
recurrence (HR=2.50, 95%CI 1.16-5.40). Pre-treampymphopenia (pre-transplant ALC
<500/ul) was an independent predictor of protectigainst early severe recurrence of hepatitis C
after liver transplant. Low pre-transplant lymphtecgounts may reduce preservation/reperfusion
injury which has been associated with progressbregis after transplantation for HCV.
Clinicians should be aware that higher pre-tramggianphocyte counts may result in early HCV

related fibrosis and consider such patients fartd@/ therapy pre or early post-transplant.
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Introduction:

Chronic hepatitis C is the most common indicati@ndrthotopic liver transplantation
(OLT) among adults. While recurrence of hepafttigiral infection (HCV) post-liver
transplantation is nearly universal, the clinicalise of these patients is highly variable. Some
patients develop HCV related liver fibrosis slohl0 years) while a smaller subset of patients
develop fibrosis much more rapidly (within one ydar 2] Recurrence of HCV disease is the
leading cause of graft failure in patients undengdiver transplantation and early recurrence,
has a significant adverse impact on survival.[2 S8veral pre- and post-transplant risk factors
including advanced donor age and CMV infection hasen associated with early recurrence of
hepatitis C disease[5-7]; however, there is notatimécal test that predicts recurrence prior to

transplantation.

Hepatitis C infection involves an early innatemune response by natural killer cells and
dendritic cells as well as a cell-mediated respovitieviral-specific CD4+ and CD8+ T cell8]
Patients with end-stage liver disease, regardiiedseaause, are known to have decreased
peripheral lymphocyte counts as compared with hgaontrols[9] Low lymphocyte count in
liver transplant recipients has been evaluatedsimall number of studiess a marker for
increased risk of infectiof8] Prior studies have found pre-transplant absdut@hocyte count
(ALC) <1000/ul to be significantly associated wille development of a post-transplant infection
of any type within 2 years of OLT after multivariatadjustment.[1011] Recently, Nagai and
colleagues found that pre- and post-liver trangpgianphopenia was associated with higher rates
of HCV recurrence with fibrosis stage 2-4 (Metagoring) within 2 years of liver transplant on
univariate testing. In multivariable survival ays§, post-transplant ALC < 500/uL at 1 month
post-OLT remained an independent predictive fatioHCV recurrence. Those patients with

persistent lymphopenia during the peri-transplamiga (an ALC < 500/ul pre-liver transplant, 2



weeks and 1 month post-transplant) were at sigmiflg increased risk of developing early

advanced fibrosis within 2 yea&2]

Understanding that pre-transplant lymphopenia btigha risk factor for early severe
recurrence of hepatitis C disease could contritiutee assessment of candidacy for antiviral
treatment pre- or post-transplant. We hypothedizatipre-transplant lymphopenia is associated
with early severe recurrence of hepatitis C aft@rltransplant. The aim of this study was to
evaluate whether pre-transplant lymphopenia isidapendent predictor of early severe
recurrence of hepatitis C disease after liver pkamgation controlling for several identified
confounders. Additionally, as a second aim, welaged previously identified predictors of

early severe HCV recurrence in our cohort.

Methods

Study Population and Design:

In this retrospective cohort study, we utilizedvai transplant database that was
previously created by the Tufts Medical Center (TIMi@ectious Disease division with the
purpose of evaluating the epidemiology, risk fastand clinical presentation of atypical CMV
disease in liver transplant recipients. The datelwaptured all liver transplant recipients at TMC
from 1999-2009. Data were collected via electroaaords as well as paper charts in a
systematic fashion. There were 339 liver trandplperformed during the study period in 323
patients. The database includes information ¢iemiademographic characteristics as well as
baseline or pre-OLT information (patient charasties, baseline laboratory values), peri-
operative information (transfusions, medicationsgeal information), and post-transplant

information (rejection, treatment of rejection, anfictious outcomes).

In this cohort there were 133 liver transplantd27 patients with chronic hepatitis C; 6
of these patients underwent re-transplantation. e¥étuded patients with a first transplant prior
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to 1999, patients that died within 24 hours of $gdant, patients with incomplete baseline data
and patients that had follow up time less than@&@sd Our inclusion/exclusion criteria are
described in Figure 1. Two of the 6 patients uneat a second liver transplant greater than 30
days after the first transplanDnly their first transplant episode was evaluated foVHC
recurrence. Another two patients had a secondptant less than 10 days after the first
transplant and for these we only evaluated thersetransplant for HCV recurrence. Baseline
variables including pre-transplant ALC, as welMiSLD and UNOS status, were taken from
prior to the first transplant. The final 2 patemtho were re-transplanted did not survive past 30
days and were excluded. There were a total oftreE2@plants in 120 patients included in the

analysis.

Key Predictor and Outcome Variable:

Pre-transplant lymphopenia was defined and evaliatevo ways: as an absolute
lymphocyte count (ALC) of < 1000/ul and500/ul. Both limits of pre-transplant ALC haveele
evaluated in prior literaturg0, 12] All patients in our cohort had a complete bloodmt with

differential within 24 hours prior to liver trangpitation from which the ALC was calculated.

Our outcome, early severe recurrence of hepatitigs€ase post liver transplant, was
defined as evidence of chronic HCV disease witdimi@nths of transplantation on liver biopsy
with a fibrosis score of 2 out of 6 on modified Ishak scoring, 6] Protocol liver biopsies were
not performed at Tufts Medical Center during oudgtperiod. Seventy four patients had liver
biopsies during our study period. The decisiontadiiopsy was a clinical decision made by the
transplant and hepatology teams in patients tichhbeclinical evidence of early recurrence of
hepatitis C based on normal liver function tedisjaal stability, and not requiring HCV

treatment. Thus, patients without a liver biopayiry the study period were classified as not



Figure 1. Description of inclusion and exclusioitetia for study population

All orthotopic liver transplants performed at Tufts Medical Center
from 1999-2009 (n = 339) in 323 patients

l

Number of liver transplants in those with chronic hepatitis C

(n=133)in 127 patients

For those who underwent re-transplantation (n=6)

-If re-transplant occurred >30 days after the first transplant, then
only the first transplant was included in analysis. (n=2)

-If re-transplant occurred <30 days after the first transplant, then
only the second transplant was included in analysis. (n=2)

-2 patients re-transplanted did not survive past 30 days and were
excluded.

Total remaining: 125 transplants in 125 patients

Excluded: (n=5)

-Patients with first OLT prior to 1999 (n=1)

-Patients that died within 24 hours of OLT
(n=2)

-Patients without available CBC with
v differential prior to transplant (n=2)

Total patients included in analysis:
(n=120)




having early severe recurrent HCWhe fibrosis scoring system we used, schemahaklswas
adopted as the standard histology evaluation scie2@05 at Tufts Medical Centg3] The
schema of Ishak (or modified Ishak scoring) prosida inflammatory grade (out of 18 points)
and a fibrosis stage (out of 6 points). Sixty-twer biopsies performed during our specified
time frame did not provide this specific scoringy.Tufts Medical Center staff pathologist blinded
to patient lymphocyte count data and all othericdihdata except diagnosis of HCV, reviewed

these biopsies and provided modified Ishak scoring.

Additional variable definitions

Several recipient and donor characteristics pdard at the time of transplant were
evaluated for their effect on early severe recureesf HCV. Post-transplant risk factors of
recurrence of HCV were not included in the presaratysis. Potential pre-transplant predictors
of early severe recurrence of hepatitis C evalueteldded demographic data (age at OLT,
gender, race), severity of liver disease at tim@lbf, transplant year (early or late),
comorbidities, donor type (living vs. deceased dprtbose with combination liver-kidney

transplant and donor/recipient (D/R) CMV serostatyis, 6, 14, 15] We also evaluated cold

ischemia time and induction immunosuppressioneitithe of transplantatiojé, 16]

We defined severe liver disease as the designafiStatus 1 at the time of OLT, the
grading system used until 2000, or subsequentlgagsg a Model for End Stage Liver Disease
(MELD) score of at least 24. We evaluated pasievito were CMV D+/-, CMV D+ (and either

recipient positive or negative) and patients withex donor or recipient CMV IgG positivity.

Induction immunosuppressive regimen for all pasergnsisted of cyclosporine or
tacrolimus, plus azathioprine or mycophenolate mdfdMF) and steroids. Additionally,
patients with end stage renal disease receivedyanpihocyte antibodies (ATG) during

induction, in lieu of tacrolimus. We evaluated tifference between those receiving MMF and



azathioprine because these agents have differantnplcologic-properties resulting in different
immunologic effects; Azathioprine, an antimetal#lis thought to cause more cytopenias while
MMF, a T and B cell inhibitor, is thought to be am potent immunosuppressive agent.
Cyclosporine and tacrolimus are thought to be ait@angeable with similar immunomodulatory

effects and were not analyzed separately.

We evaluated those patients transplanted betwess §899-2003 compared to those
transplanted in 2004-2009 to account for evoluiiopractice from the earlier transplants
compared with those from 2004 onwards. One oRtlpeactice changes included a switch from
AZA-based immunosuppression to MMF-based regimienaddition, prior to 2004, standard
CMV prophylaxis for high risk patients was IV gaglovir plus CMV immunoglobulin; starting

in 2004 this changed to oral valganciclovir with@MVIG for 90-120 days depending on risk.

Satistical Analysis

Data were summarized, stratified by lymphopeniaoexpe, using mean with standard
deviation for continuous variables and percentagedtegorical variables. Studérests, chi-
squares and Fisher exact tests were used for mupgromparisons. We used Cox proportional
hazards regression analysis to analyze the outobearly severe recurrence of hepatitis C
disease. Every analysis began 30 days aftertli@asplantation since this is the time when it is
possible to detect early severe recurrence of hisp@tdisease. Thirty days post transplantation
was considered day O for the purposes of this stirétients were censored at 2 years post-OLT,
last follow up or death if within 2 years. Kaplhfeier curves were constructed to estimate the

probability of being recurrence-free at 6, 12 aAdribnths post-OLT.

Based on prior literature, 30-40% of patients depaarly recurrence of HCV within one
year of transplantation.[4] Our initial sampleestalculation was based on those with an

absolute lymphocyte count < 1000/ul, which was 53Me assumed near equal sample sizes in



each group (lymphopenia yes or no) and estimateds®o of those with lymphopenia will

develop early recurrence of hepatitis C and 30%aut lymphopenia develop early recurrence
(similar rate as the general HCV liver transplampydation). With 80% power and alpha equal to
0.05, 42 patients were needed per group. Ouselated 120 patients and we assumed adequate

statistical power

Our first aim was to evaluate whether pre-tranggianphopenia is associated with early
severe recurrence of hepatitis C disease followusy transplantation after controlling for
potential confounders. In selecting confoundiagables, we first used clinical judgment to
identify variables that may be associated with ptitransplant lymphopenia (ALG80/ul)
and early severe HCV recurrence. We then perfoumédiriate testing of other candidate
variables for early severe recurrence of hepditisThose variables, not already evaluated as
confounders based on clinical judgment, but wighvalue of <0.2 for their univariate association
with early severe recurrence of hepatitis C, wése eonsidered for inclusion in the multivariate
model. The confounders identified using clinicalgment, which were chronic kidney disease
and hepatocellular carcinoma, were forced intaQbr proportional hazards model, and the other
candidate variables identified via univariate aggams, were evaluated using backward
selection. We chose the pre-transplant AISD®/ul cut point as our outcome because it had
been described in previous literature and becdusfiected a more immunocompromised group
(compared to those with pre-transplant ALC <10Q0/ul he proportional hazards assumption

was assessed by examining Schoenfeld residuabgnaiihus-log survival plots.

Our second aim was to validate previously iderdifieedictors of early severe recurrence
of hepatitis C disease in our cohort via univartesting, as described above. All statistical

analysis was performed using R version 3.0.2.



Results

Patient Characteristics

A total of 120 patients comprised our study popatat The median age of these patients
was 50.8 years, 85% were male and the majority white (93%). Seventy-five patients (62%)
were transplanted between 1999-2003 and the remga#® patients were transplanted between
2004-2009. Twenty five percent of patients hadrertpansplant ALC_500/ul and 56% of
patients had a pre-transplant ALC < 1000/ul. Amamg cohort, 9 patients underwent
combination liver-kidney transplants and 11 undewwéving related donor transplants. Fifty
patients (42%) had hepatocellular carcinoma. @éirtpatients (10%) were co-infected with
hepatitis B. The majority of patients (82%) reegivmycophenolate mofetil as induction
immunosuppression and a small number of patier#) (®ceived anti-thymocyte globulin at

induction.

Forty two percent of our patient cohort develogeeldutcome of significant fibrosis Z»
within 2 years of liver transplant. Of those thaturred, the minimum time to recurrence was 39
days with a median of 199 days and a maximum ofdé&y®. Estimated probability of being
recurrence-free at 6, 12 and 24 months was 78%,&@8%51% respectively. Recurrence-free

survival is displayed by a Kaplan-Meier plot in &ig 2.

Baseline characteristics were assessed by presépoe-transplant lymphocyte
count <500/ul and displayed in Table 1. Hepatocellukcmoma (HCC) and chronic kidney
disease (CKD) were selected as potential confosrakesed on clinical grounds. Of note, there
was a higher percentage of patients in the nonappnic group with HCC and CKD. There
were not any statistically significant differendedween those with pre-transplant ALC > 500/ul
and_<500/ul, however, a greater proportion of patiavits pre-transplant lymphopenia received

MMF-based induction immunosuppression (93% vs. 78%)



Figure 2. Kaplan- Meier of HCV Recurrence-Free S@avN=120)
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Table 1. Demographic and Clinical Characteristics according to pre-transplant lymphocyte count

No lymphopenia Lymphopenia P value

(ALC> 500 cells/ul) (ALC<500 cells/ul)

(n=90) (n=30)
Recipient characteristics
Transplant age, years, mean (SD) 51 (6.4) 50.6 (6) 0.71
Male gender 74 (82%) 24 (80%) 1.00
Non-white race 8 (9%) 1(3%) 0.44
Transplant Year, 1999-2003 (vs. 2004-2009) 56 (62%) 19 (63%) 1.00
Severe Liver disease (status 1 or MELD > 24) 49 (54%) 15 (50%) 0.83
Baseline Co-morbidities
Hepatocellular Carcinoma 40 (44%) 10 (33%) 0.39
Cirrhosis 86 (95%) 29 (97%) 1.00
Alcohol liver disease 35 (39%) 9 (30%) 0.51
Hepatitis B 9 (10%) 4 (13%) 0.73
Diabetes 21 (23%) 5(17%) 0.61
Chronic kidney disease (GFR<60) 19 (21%) 2 (10%) 0.28
CMV Donor/Recipient serology
CMV Ig + (recipient or donor) 69 (77%) 20 (67%) 0.40
CMV D+ 33 (37%) 14 (47%) 0.45
CMV d+/r- 14 (16%) 7 (23%) 0.49
Cold ischemia time, minutes, mean (SD) 95.9 (53) 84.2 (59) 0.31
Living related donor 9 (10%) 2 (7%) 0.73
Liver-kidney transplant 4 (4%) 4 (13%) 0.11
Induction Immunosuppression
MMF-based (vs. AZA) 71 (78%) 28 (93%) 0.13
ATG 4 (4%) 2 (7%) 0.63
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Univariate analysis

Risk factors for early severe recurrence of HCVenievestigated via univariate analysis
and displayed in Table 2. On univariate analysis;transplant ALC 500/ul was significantly
associated with a reduced hazard of early severgrance of HCV (HR= 0.41, 95% CI 0.18-
0.91, p value= 0.02). Pre-transplant ALC <100@/ab showed a trend toward a reduced hazard
of recurrence (HR 0.70, 95% CI 0.40-1.23), althotilgis was not statistically significant (p
=0.22). There were a low number of patients ofwtdte race transplanted in our cohort (n = 9)
and hence this variable was not considered forivamiable testing. Patients transplanted prior
to 2003 had lower hazard of early severe recurreddCV (HR = 0.55, 95% CI 0.31-0.95,
p=0.03). Those patients with a history hepatotailcarcinoma had a higher hazard of early
severe recurrence however this was not statistictnificant (HR 1.6, 95% CI 0.92-2.80,
p=0.10). There was not a significant associatievben severe early HCV recurrence and those
patients with who were CMV D+/R- (compared to th@ddV D+/R+, CMV D-/R+ and CMV D-
/IR-) or those CMV D+ (compared to those CMV D-/RMV D-/R+). There was however a
significant relationship with those CMV recipientaonor IgG positive (HR=2.18, 95% CI 1.02-
4.65, p = 0.04) compared to those CMV D-/R-. Thees no significant difference found in
early severe HCV recurrence among those receiviygophenolate mofetil (compared to
Azathioprine) or anti-thymocyte globulin (ATG) asluction immunosuppression.

Multivariable Mod€l

Hepatocellular carcinoma and CKD were identifeggriori as potential confounders and
were forced into the multivariable model with prartsplant ALC $00/ul. While performing
diagnostics on each candidate variable, the logimlag plot suggested CKD may violate the
proportional hazards assumption which is displayedraphs in Figure 3. Therefore this
relationship was evaluated using an interactioméeh CKD and time split at 365 days based on

Kaplan-Meier and log-minus-log plots.
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Table 2. Univariate risk factors for early severe recurrence of HCV

Recipient Characteristics
Transplant age, years, mean (SD)
Transplant age >=50
Pre-transplant ALC <1000/ul
Pre-transplant ALC<500/ul

Male gender

Non-white Race

Transplant Year, 1999-2003 (vs. 2004-2009)

Severe liver disease at txp (status 1 or meld

>24)

Comorbidities

Hepatocellular Carcinoma
Cirrhosis

Diabetes

Chronic kidney disease (GFR <60)
Alcohol liver disease

Hepatitis B

CMV serostatus

CMV IgG + (recipient or donor)*
CMV Donor +/- **

CMV Donor + ***

Cold ischemia time (>90 min)

No Early Severe
Recurrence of
HCV (N=70)

50.4 (6.6)
38 (54%)
42 (60%)
23 (32%)
58 (83%)
4 (6%)

49 (70%)

37 (53%)

25 (36%)
65 (93%)
15 (21%)
13 (19%)
25 (35%)

7 (10%)

47 (67%)

10 (14%)

25 (36%)

35 (50%)

Early Severe
Recurrence of HCV
(N=50)

51.7 (6.1)
33 (66%)
25 (50%)
7 (14%)

40 (80%)
5 (10%)

26 (52%)

27 (54%)

25 (50%)
50 (100%)
11 (22%)
9 (18%)
20 (37%)

6 (12%)

42 (84%)

11 (22%)

22 (44%)

28 (56%)

Hazard Ratio

1.02 (0.97 -1.07)
1.36 (0.80-2.40)
0.70 (0.40-1.23)
0.41 (0.18-0.91)
0.85 (0.42-1.69)
2.23 (0.88-5.63)
0.55 (0.31-0.95)

0.97 (0.56-1.70)

1.60 (0.92-2.80)
2.7e+07 (0-inf)
1.12 (0.58 - 2.20)
0.87 (0.42-1.79)
1.13 (0.76-2.35)

1.16 (0.50-2.73)

2.18 (1.02-4.65)

1.17 (0.67-2.05)

1.22 (0.62-2.40)

1.21 (0.69-2.11)

P value

0.38

0.30

0.22

0.02

0.64

0.08

0.03

0.91

0.10

0.99

0.73

0.71

0.31

0.73

0.04

0.58

0.57

0.51
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Living related donor 6 (9%) 5(10%)

Liver-kidney transplant 5 (7%) 3 (6%)

Induction Immunosuppression

ATG

MMF

4 (6%) 2 (4%)

56 (80%) 43 (86%)

1.06 (0.42-2.67)

0.87 (0.27-2.80)

0.70 (0.17-2.90)

1.48 (0.67-3.30)

0.90

0.81

0.63

0.33

*comparison group: patients CMV D-/R
**comparison group: patients CMV D+/R+ or CMV D-/R+ or CMV D-/R-
***comparison group: patients CMV D-/R- or CMV D-/R+
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Figure 3. Kaplan Meier, Schoenfeld residual and log —minus —log plot for chronic kidney
disease. These violate the proportional hazards assumption because the two lines cross one
another between 300-400 days post OLT. To further evaluate this, we tested the interaction
term of prior to 365 days post OLT and after 365 days post OLT (early and late). See below R
output. The interaction between CKD and the time period was not significant (p=0.88)
suggesting that proportional hazards was not violated.
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COX23<-
coxph(Surv(HCV10$start,HCV10$Censortimel,HCV10$RextA)~(HCV10$drcmv4+HC
V10$tx9903+HCV10$ALClcat2+HCV10$HCC+HCV10$CKD2+HOMECKD2:HCV10$p
eriod)
summary(cox23)

Call:

coxph(formula = Surv(HCV10$start, HCV10$Censortimd CV10$Recurtot2) ~

(HCV10%$drcmv4 + HCV10$tx9903 + HCV10$ALClcat2 + HOOSHCC +

HCV10$CKD2 + HCV10$CKD2:HCV10$period))

n= 195, number of events= 50

coef exp(coef) se(coef) z Pr(>|z|)
HCV10$drcmv4 0.9145 2%@90.3933 2.325 0.0201
HCV10$tx9903 -0.6642 13 0.2897 -2.293 0.0219
HCV10$ALC1cat2 -0.9118 0.40184092 -2.228 0.0259
HCV10$HCC 0.4142 5131 0.2921 1.418 0.1562
HCV10$CKD2 -0.4913 D18 0.4320-1.137 0.2555

HCV10$CKD2:HCV10$period -0.1288 0.8791 0.870A47 0.8832
Signif. codes: 0 *** 0.001 ** 0.01 *" 0.05‘"0.1"'"1

¢éapef) exp(-coef) lower .95 upper .95

HCV10$drcmv4 24956 @4 1.1545 5.3947
HCV10$tx9903 0.5147 9430 0.2917 0.9081
HCV10$ALClcat2 0.4018 2.8880.1802 0.8961
HCV10$HCC 1.5131 .6@4D9 0.8535 2.6824
HCV10$CKD2 0.6118 6345 0.2623 1.4269

HCV10$CKD2:HCV10$period 0.8791 1.1375 @45 4.9040

Concordance= 0.685 (se =0.042)

Rsquare= 0.093 (max possible=0.899)
Likelihood ratio test= 19.11 on 6 df, p=0.003989
Wald test =16.75 on 6 df, p=0.01025
Score (logrank) test = 17.17 on 6 df, p=0.008666
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The term was not statistically significant (p=0.88}icating that non-proportionality is likely not
a problem, detailed by the R code in Figure 3 ab@D was therefore included in the model in
its original form. Additionally transplant year392003 and CMV IgG recipient or donor
positivity were evaluated using backward selectadter forcing in the confounders. All
variables were entered into the final model witHtiwariate analysis described in Table 3. In the
multivariable model, pre-transplant ALGE0/ul was significantly associated with a reduced
hazard of early severe recurrence of HCV (HR 09%0p CI 0.18-0.90, p=0.03). Additionally,
CMV recipient or donor 1gG positivity remained sifirantly associated with early severe HCV
recurrence (HR=2.50, 95%CI 1.16-5.40, p=0.02) dbagetransplant year 1999-2003 (HR =
0.51,95%CI 0.29-0.91, p=0.02). Chronic kidneyedse and hepatocellular carcinoma were not
significantly associated with early severe recureeim the multivariable model (HR=0.59,

95%Cl 0.28-1.25, p=0.17 and HR =1.52, 95%CI 0.8®2p=0.15, respectively).

Additional analysis

We evaluated those with pre-transplant lymphocgtat <1000/ul, which are displayed
in Table 4. There was a larger difference amongetwith hepatocellular carcinoma (in
comparison to those with pre-transplant AL&0®); 57% in those with pre-transplant ALC
>1000, and 30% in those with pre-transplant ALC 0L0This may be due to the fact that many
of these patients were transplanted for hepatdaeltarcinoma rather than end-stage liver
disease/cirrhosis. More patients receiving a {kidney transplant had a pre-transplant ALC
<1000/ul however numbers are small (1 and 7 palierithis may be explained by the fact that

patients with end stage renal disease have lowelslef peripheral lymphocyte counts.
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Table 3. Multivariate adjusted model of Pre-transplant ALC<500 ul and Early Severe Recurrence

of HCV

Hazard ratio (95% Cl)

P value

Pre-transplant ALC <500/ulL
CMV recipient or donor IgG+
Transplant year, 1999-2003

Chronic kidney disease (GFR
<60)

Hepatocellular Carcinoma

0.40 (0.18-0.90)
2.50 (1.16-5.4)
0.51(0.29-0.91)

0.59 (0.28-1.25)

1.52 (0.86-2.69)

0.03

0.02

0.02

0.17

0.15
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Table 4. Demographic and Clinical Characteristics by pre-transplant lymphocyte count <1000/ul

No lymphopenia Lymphopenia P value

(ALC> 1000/ ul) (ALC<1000 cells/ul)

(n=53) (n=67)
Recipient characteristics
Transplant age, years, mean (SD) 50.7 (7) 51.1(5.6) 0.75
Male gender 41 (77%) 57 (85%) 0.40
Non-white race 5 (9%) 4 (6%) 0.51
Transplant Year, 1999-2003 (vs. 2004-2009) 32 (60%) 43 (64%) 0.81
Severe Liver disease (status 1 or MELD > 24) 33 (62%) 31 (46%) 0.12
Baseline Co-morbidities
Hepatocellular Carcinoma 30 (57%) 20 (30%) 0.01
Cirrhosis 51 (96%) 64 (96%) 1.00
Alcohol liver disease 16 (30%) 28 (42%) 0.26
Hepatitis B 6 (11%) 7 (10%) 1.00
Diabetes 14 (26%) 12 (18%) 0.37
Chronic kidney disease (GFR<60) 13 (25%) 9 (13%) 0.19
CMV Donor/Recipient serology
CMV Ig + (recipient or donor) 43 (81%) 46 (69%) 0.18
CMV D+ 20 (37%) 27 (40%) 0.92
CMV d+/r- 8 (15%) 13 (19%) 0.71
Cold ischemia time, minutes, mean (SD) 101.6 (54.5) 86.1 (54) 0.12
Living related donor 5 (9%) 6 (9%) 1.00
Liver-kidney transplant 1(2%) 7 (10%) 0.08
Induction Immunosuppression
MMF-based (vs. AZA) 42 (79%) 57 (85%) 0.55
ATG 1(2%) 5 (7%) 0.23
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We additionally performed sensitivity analysesamining those patients only who had
liver biopsy during our study period (n=74). Inbl@5, we performed univariate analysis on
groups with liver biopsies only. In Table 6, wafpemed multivariate analysis on the same
variables from our study of the entire cohort. @ultivariable adjustment, CKD and HCC
appear similar to our model with the entire colfirt120). The association of CMV recipient
and donor Ig positivity is slightly stronger whemadyzing patients with biopsies only (HR 2.5, p
0.01 vs. HR 2.73, p 0.02). Pre-transplant ALSD&/ul had a weaker protective effect in the
group with biopsies only compared to the entireatb{HR 0.56, p 0.17 vs. HR 0.40, p= 0.03).
Additionally transplant year 1999-2003 also hademker association with severe HCV
recurrence in those only with biopsies (HR 0.79,49 vs. HR 0.52, p= 0.02).

Those patients that did not undergo liver biopsyrauour study period were deemed to
not have early severe recurrence of HCV. We coetptnose patients that did not have a liver
biopsy (n=46) to those that did have a liver biopsi/not early severe recurrence of HCV (n=24)
via chi- squares or fisher exact tests for dichatoswvariables and student t-tests for continuous
variables. This is displayed in Table 7. The twoups appeared similar without significant
differences. There were slightly more patientditt a liver biopsy in those that were
transplanted early (1999-2003). Liver biopsies maye been performed more often after 2004
than previously. There was a longer cold ischdimia in those patients with biopsies and no
early severe recurrence of HCV, which we cannotaex@and is likely random.

Discussion

We found that pre-transplant lymphopenia (AL&08/ul) had a significant protective
effect against early severe recurrence of hep&itdter liver transplantation, which is contrary
to our hypothesis. The protective effect was okexeat both the limit of pre-transplant ALC of
<500/ul and <1000/ul howeveb80/ul was more significant. In our cohort, eadyere

recurrence occurred more often in patients withabt@gellular carcinoma, CMV immunoglobulin
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Table 5. Sensitivity analysis of only those patients witkeli biopsy (N = 74); Univariate analysisrigk factors for early
severe recurrence of HCV for only those patientb Viser biopsies

Recipient Characteristics

Transplant age >=50 14 (58%) 33 (66%) 0.96 (0.53-1.73) 0.89

Pre-transplant ALC<500/ul 6 (25%) 7 (14%) 0.65 (0.29-1.45) 0.29

Non-white Race 2 (8%) 5 (10%) 1.57 (0.62-3.97) 0.34

Severe liver disease at txp (status 1 or meld >24)  14(58%) 27 (54%) 0.85 (0.49-1.50) 0.59

Hepatocellular Carcinoma 9 (38%) 25 (50%) 1.28 (0.73-2.23) 0.39

Diabetes 5(21%) 11 (22%) 1.20 (0.61-2.35) 0.59

Alcohol liver disease 6 (25%) 21 (42%) 1.32 (0.75-2.30) 0.33

CMV serostatus

CMV Donor +/- ** 5(21%) 5 (22%) 0.84 (0.43-1.64) 0.60

Living related donor 2 (8%) 5 (10%) 1.15 (0.45-2.91) 0.77
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Liver-kidney transplant 0 3 (6%) 3.92 (1.17-13) 0.03
Induction Immunosuppression

ATG 2 (8%) 2 (4%) 0.63 (0.15-2.61) 0.50
MMF 19 (79%) 43 (86%) 1.37 (0.61-3.03) 0.45

*comparison group: patients CMV D-/R
**comparison group: patients CMV D+/R+ or CMV D-/R+ or CMV D-/R-
***comparison group: patients CMV D-/R- or CMV D-/R+
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Table 6. Multivariate adjusted model of Early Severe Recurrence of HCV in only patients with
liver biopsies

Hazard ratio (95% Cl) P value

CMV recipient or donor I1gG+ 2.73 (1.24-5.99) 0.01

Chronic kidney disease (GFR 0.54 (0.25-1.18) 0.12
<60)



Table 7. Sensitivity analysis comparing patients with liver biopsies and no HCV recurrence to

those patients without liver biopsies.

Patients without Patients with P value
biopsies (n=46) biopsies and no HCV
recurrence (n=24)

Transplant age, years, mean (SD) 50.4 (6.4) 50.4 (5.6) 0.98

Non-white race 2 (4%) 2 (8%) 0.60

Severe Liver disease (status 1 or MELD > 24) 23 (50%) 14 (58%) 0.68

Pre-transplant ALC <500/ul 17 (37%) 6 (25%) 0.46

Hepatocellular Carcinoma 16 (35%) 9 (38%) 1.00

Alcohol liver disease 17 (37%) 6 (25%) 0.46

Diabetes 10 (22%) 5(21%) 1.00

CMV Donor/Recipient serology

CMV D+ 16 (35%) 9 (38%) 0.98

Living related donor 4 (9%) 2 (8%) 1.00
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MMEF-based (vs. AZA) 37 (80%) 19 (79%) 1.00



recipient or donor positive and those transplaptéat to 2004. CMV IgG recipient or donor
positivity and transplant prior to 2004 additiogaltere independent predictors of early severe
HCV recurrence. We did not find a difference baetw¢hose with early severe recurrence in
terms of age, gender, other comorbidities, indactiemunosuppression and severity of liver
disease at the time of transplant. We also didlatgct a difference in recurrence among
additional risk groups for CMV disease, those CMY/R- or CMV donor +.

The one study that had previously evaluated thetgpreor peri-transplant lympopenia and
HCV recurrence, found a strong association betwgest-transplant lymphopenia and HCV
disease recurrence, but not with pre-transplanphopenia. They found that an ALC of 500-
1000/ul and <500/ul one month after transplantewéndependent risk factors for developing
stage 2-4 fibrosis within 2 years of liver transpldPre-transplant ALC 500-1000/ul and <500/ul,
although had an initial trend toward HCV recurrefid® 1.41, p =0.06, HR 2.15, p=0.002), was
not significantly associated after multivariablgustinent (HR 1.10, p=0.67, HR 1.60, p=0.15,
respectively).[12] This is in contrast to ourdiuhat found a protective relationship between
pre-transplant ALC_SO00/ul and early severe recurrence of HCV both oivariate and
multivariable testing . Interestingly in their dty induction with rabbit anti-thymocyte globulin
(RATG), an agent that reduces peripheral lymphocygtents, had a protective effect against
advanced hepatic fibrosis within 2 years of traaspl The authors postulated that by using
RATG induction, they delayed calcineurin inhibitmtroduction, which may preserve renal
function, reduce the need for peri-transplant digland decrease incidence of rejection in
immediate post-transplant period. It is also thdubgat RATG can alleviate damage caused by
ischemia-reperfusion injury, which may also be gepbal risk factor for HCV recurrence.[12] A
low pre-transplant lymphocyte count may also redthee risk of ischemia-reperfusion injury
which may in part explain our study findings.

We additionally found that those at risk for CM\&éase, by being either donor or recipient

CMV serology positive, had double the hazard ofifa early severe recurrence of hepatitis C
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compared to those D-/R-. CMV infection and disehas been associated with recurrence of
hepatitis C disease within one year of liver trdaisp[17, 18] Those patients at highest risk of
developing CMV infection or disease are those #matdonor CMV IgG+/ recipient CMV IgG-
(CMV D+/R-), followed by those CMV D+/R+, then t@€MV D-/R+. In a short term model
for HCV recurrence, CMV recipient serostatus waanfb to be predictive of early severe
recurrence of HC\J19] CMV serostatus can be measured pre-transplanbardcluded in the

evaluation for hepatitis C treatment.

In our study, patients transplanted from 1999-20@8 less likely to have early severe
recurrence compared to those transplant duringsy&@4-2009. In the literature, transplants
done prior to 2000 were found to be associated witteased HCV-related disease
progressior7, 20, 21] The possible reasons for recent increased HCA&des progression after
transplant are increasing age of the donor anafus®re potent immunosuppressive drugs. Our
findings may be explained by the fact that at ogtitution, there was more MMF induction
therapy and a different CMV prophylaxis strategyrtihg in 2004.

Hepatitis C infection is associated with a CD8-€fgron-gamma response, followed by a
CD4+specific response and antibody production. atlép C disease post-liver transplantation
occurs in two forms: (1) severe cholestatic recureewith extreme viral burden resulting in
direct and severe injury to hepatocytes with adednojury by 6 months post-transplant and (2)
progression to chronic hepatitis. This occurs HY4€ and CD8+ cell-mediated injury to
hepatocytes rather than direct injury from the hiépaC virus. This is more severe in those
undergoing liver transplant than immunocompetentlividuals. Studies have examined
intrahepatic CD4-specific responses and found H@Y-specific interferon-gamma responses
can be detected in some patients and may cormititdiver injury.[22] This suggests that for

those developing chronic hepatitis C after livangplant, a strong immune response is occurring,
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damaging hepatocytes. One could speculate thaetivth higher lymphocyte counts pre-
transplant may be at greater risk of initial livgury post-transplant.

Additionally, our finding of early severe recurrenof HCV among those with high pre-
transplant lymphocyte counts may be explained m ipamore tissue reperfusion injury in these
patients. Reperfusion injury occurs after bloaallis restored in graft liver in the recipient.
There is cell death from cytokine release (TNF-a)paAnd reactive oxygen intermediates that
facilitate an inflammatory response. It is assedawith hepatocellular death, followed by
cellular proliferation. Those patients with presgion injury, or injury from the organ harvesting
process and reperfusion injury, after transplaomafor hepatitis C, have been shown to have
poorer outcomes. Watt and colleagues evaluate@ftaet of preservation injury (Pl) on HCV
recurrence post-transplantation by matching thomesplanted with HCV to those transplanted
without HCV and those with HCV but no preservatiojury. They found that among those
patients with HCV, those with preservation injutygdhmore progression to stage 3 or 4 fibrosis
compared to those without PI. Additionally theylhhawer one and three year survival rates.[23]

Our study has several important limitations. Itswanducted with patients from a single
transplant center and was retrospective in desi@ar small sample size limited our ability to
fully evaluate the relationship between lymphopenith many covariates in a single model.
Notably, our finding of the protective effect ofepiransplant lymphopenia and HCV recurrence,
contrary to our hypothesis, may be due to thetfeadtour small sample size limited our ability to
fully evaluate this relationship as well as theatienship between lymphopenia with many
covariates in a single model. The surgeons anathkmists caring for the patients did not
employ protocol liver biopsies during our studyipdr Biopsies were performed during our
study period in most patients with persistentlyated liver function tests in order to rule out
rejection or recurrent hepatitis C. It is possibdavever, that a patient with normal liver enzymes
who was not biopsied did develop unrecognized stad@rosis within two years of liver

transplant, so there may have been some clasgifidaias introduced. Liver function testing has
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not been shown to be a consistent indicator of imggliver injury in patients with hepatitis C.
We additionally did not have T cell subsets to gmalto see the effect of CD4 or CD8 counts on
HCV recurrence, nor the recent gene locus assdciaiitn severe hepatitis C disease, IL-28B.
We also did not have donor age available, which $$rong predictor of early severe recurrence
of hepatitis C. Additionally we did not evaluatesp-transplant risk factors such as maintenance
immunosuppression, rejection treatment, CMV diseasd other post-transplant infections.
Evaluating these variables and post-transplant hgopte count would be an important analysis

which we plan to do in the future on this data set.

Conclusion

In conclusion, pre-transplant lymphopenia (pregmant ALC_<500/ul) was associated
with a reduced rate of early severe recurrence ggfatitis C disease after liver transplant.
Although pre-transplant lymphopenia has been shimwe a risk factor for other types of post-
transplant infection, this pattern was not obseiwnetthe case of post-transplant hepatitis C. Low
pre-transplant lymphocyte counts may reduce praservinjury (reperfusion injury) which has
been associated with progressive fibrosis aftear livansplantation in patients with hepatitis C.
Clinicians should be aware that higher lymphocytents prior to transplant may result in earlier
HCV related fibrosis post-transplant and these epéti should be evaluated for anti-HCV

treatment pre- or early post-transplant.
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