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A bs tr ac t

Background

The outcomes of kidney transplantation and immunosuppression in people infected 
with human immunodeficiency virus (HIV) are incompletely understood.

Methods

We undertook a prospective, nonrandomized trial of kidney transplantation in HIV-
infected candidates who had CD4+ T-cell counts of at least 200 per cubic millimeter 
and undetectable plasma HIV type 1 (HIV-1) RNA levels while being treated with a 
stable antiretroviral regimen. Post-transplantation management was provided in ac-
cordance with study protocols that defined prophylaxis against opportunistic infec-
tion, indications for biopsy, and acceptable approaches to immunosuppression, man-
agement of rejection, and antiretroviral therapy.

Results

Between November 2003 and June 2009, a total of 150 patients underwent kidney 
transplantation; survivors were followed for a median period of 1.7 years. Patient 
survival rates (±SD) at 1 year and 3 years were 94.6±2.0% and 88.2±3.8%, respec-
tively, and the corresponding mean graft-survival rates were 90.4% and 73.7%. In 
general, these rates fall somewhere between those reported in the national data-
base for older kidney-transplant recipients (≥65 years) and those reported for all 
kidney-transplant recipients. A multivariate proportional-hazards analysis showed 
that the risk of graft loss was increased among patients treated for rejection (haz-
ard ratio, 2.8; 95% confidence interval [CI], 1.2 to 6.6; P = 0.02) and those receiving 
antithymocyte globulin induction therapy (hazard ratio, 2.5; 95% CI, 1.1 to 5.6; 
P = 0.03); living-donor transplants were protective (hazard ratio, 0.2; 95% CI, 0.04 
to 0.8; P = 0.02). A higher-than-expected rejection rate was observed, with 1-year 
and 3-year estimates of 31% (95% CI, 24 to 40) and 41% (95% CI, 32 to 52), respec-
tively. HIV infection remained well controlled, with stable CD4+ T-cell counts and 
few HIV-associated complications.

Conclusions

In this cohort of carefully selected HIV-infected patients, both patient- and graft-
survival rates were high at 1 and 3 years, with no increases in complications associ-
ated with HIV infection. The unexpectedly high rejection rates are of serious concern 
and indicate the need for better immunotherapy. (Funded by the National Institute of 
Allergy and Infectious Diseases; ClinicalTrials.gov number, NCT00074386.)
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An increasing number of persons 
living with human immunodeficiency virus 
(HIV) infection who have end-stage renal 

disease (ESRD) are seeking renal transplantation. 
Despite the efficacy of highly active antiretroviral 
therapy (HAART) in reducing the risk of HIV-relat-
ed renal disease, the incidence of ESRD continues 
to increase among patients with HIV infection.1-5 
In the United States and Europe, nearly 1% of pa-
tients with ESRD are infected with HIV, and HIV-
associated nephropathy is the third most com-
mon cause of ESRD among blacks in the United 
States who are between 20 and 64 years of age.6-9 
We conducted a multicenter, prospective trial to 
examine the safety and efficacy of transplanta-
tion in this population.

Me thods

In this nonrandomized trial, 150 HIV-infected kid-
ney-transplant recipients were followed for up to 
3 years at 19 U.S. transplantation centers. The re-
search protocol was approved and monitored by 
the institutional review boards at all participating 
centers, and each patient provided written in-
formed consent.

Patients

Patients had CD4+ T-cell counts of at least 200 
cells per cubic millimeter and undetectable plasma 
HIV type 1 (HIV-1) RNA levels (<50 copies per 
milliliter) on ultrasensitive polymerase-chain-
reaction assay (Amplicor HIV-1 Monitor, Roche) 
or <75 copies per milliliter on viral-load assay 
(bDNA Versant 3.0, Bayer) while receiving stable 
HAART in the 16 weeks before transplantation. 
Patients also met standard, center-specific trans-
plant criteria (for details, see the Supplementary 
Appendix, available with the full text of this 
article at NEJM.org). Patients with previously 
treated opportunistic complications, with the 
exception of progressive multifocal leukoenceph-
alopathy, chronic intestinal cryptosporidiosis, 
primary central nervous system lymphoma, and 
visceral Kaposi’s sarcoma, were eligible.

Interventions

Kidneys from both deceased and living donors 
were used. Initial immunosuppressive therapy in-
cluded glucocorticoids, cyclosporine or tacrolimus, 
and mycophenolate mofetil. Sirolimus was used 
in patients with calcineurin-inhibitor–associated 
nephrotoxicity. Antibody induction therapy with 

an interleukin-2–receptor blocker, antithymocyte 
globulin, or both was permitted. These decisions 
were made at the discretion of the treating pro-
vider (Table 1).

There were no absolute HAART restrictions (see 
the Supplementary Appendix). In most cases, pa-
tients continued their pretransplantation anti-
retroviral regimen. Doses of renally adminis-
tered drugs depended on the level of kidney 
function, with frequent adjustments in the early 
post-transplantation period and during periods 
of graft dysfunction. Potential nephrotoxicity of 
antiretroviral agents and agents used to prevent 
opportunistic infection was considered, and med-
ications were changed as indicated.

Prophylaxis against opportunistic infection in-
cluded lifelong therapy to prevent Pneumocystis 
jiroveci pneumonia, fluconazole for antifungal pro-
phylaxis, and valganciclovir or ganciclovir to pre-
vent cytomegalovirus infection (depending on the 
infection status of both the recipient and the 
donor). Macrolide prophylaxis against Mycobacte-
rium avium complex was required when the CD4+ 
T-cell count dropped below 75 cells per cubic mil-
limeter. Patients with prior opportunistic infec-
tions continued to receive secondary prophylaxis 
on the basis of the CD4+ T-cell count, according to 
national guidelines, and for 1 month after trans-
plantation or rejection therapy.10

To be eligible for kidney transplantation alone, 
patients with hepatitis B virus and hepatitis C 
virus (HCV) coinfection had to undergo a liver bi-
opsy that showed no cirrhosis (defined as stage 
2 fibrosis or higher). Patients with hepatitis B coin-
fection had to have undetectable hepatitis B virus 
surface antigen while receiving stable antiviral 
therapy. Patients coinfected with HCV were advised 
about the potential immunostimulatory effects of 
post-transplantation interferon therapy and could 
elect pretransplantation interferon treatment.

Measurements and Outcomes

Patients were evaluated before transplantation and 
then 13 times during the first year after transplan-
tation, every 3 months during post-transplanta-
tion years 2 and 3, and every 6 months during 
years 4 and 5. At baseline, data on demographic 
characteristics, medical history, donor type, and 
donor–recipient immunologic measures were col-
lected. Data on the use of immunosuppressant 
and antiretroviral medications, trough immuno-
suppressant levels, plasma HIV-1 RNA levels, and 
CD4+ T-cell counts were collected longitudinally.
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Patient survival and graft survival were the pri-
mary outcomes. Secondary outcomes included 
opportunistic complications, changes in the CD4+ 
T-cell count, and detectable plasma HIV-1 RNA 

levels. Allograft biopsies were performed for clini-
cal indications, and rejection was defined accord-
ing to the Banff classification. Rejection episodes 
required biopsy confirmation. Approximately 80% 

Table 1. Baseline Characteristics of Allograft Donors and of 150 HIV-Infected Kidney-Transplant Recipients 
and Post-Transplantation Characteristics.*

Characteristic Value

Donor at baseline

Age — yr

Median 41

Interquartile range 27–49

Six-antigen–matched kidney — no. (%) 21 (14)

Deceased — no. (%) 102 (68)

Expanded criteria — no. (%)† 18 (18)

High infectious risk — no. (%) 31 (30)

Recipient at baseline

Age — yr

Median 46

Interquartile range 40–51

Male sex — no. (%) 117/150 (78)

Race or ethnic group — no. (%)‡

White 42/150 (28)

Black 103/150 (69)

Other 5/150 (3)

Cause of disease — no. (%)§

Hypertension 38/150 (25)

HIV-associated nephropathy 36/150 (24)

Diabetic nephropathy or glomerulosclerosis 13/150 (9)

Focal glomerulosclerosis 9/150 (6)

Unknown or other cause 54/150 (36)

Prior opportunistic complication — no. (%)¶ 36/150 (24)

CD4+ count — per mm3‖

Median 524

Interquartile range 385–672

Viral hepatitis — no. (%)

Hepatitis C RNA detectable 28/150 (19)

Hepatitis B surface antigen–positive 5/150 (3)

HAART regimen — no. (%)**

Protease-inhibitor–based 63/150 (42)

NNRTI-based 59/150 (39)

Protease-inhibitor–based and NNRTI-based 15/150 (10)

Nucleoside analogues only 5/150 (3)

Raltegravir-based 6/150 (4)

None 2/150 (1)
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of the biopsy specimens were reviewed by a cen-
tral pathologist. The last follow-up date for each 
outcome was the last visit before July 8, 2009. For 
the outcome of graft survival, we used the date 
of the patient’s return to dialysis or death.

Statistical Analysis

Estimated rates of patient survival, graft survival, 
and graft rejection over a period of 3 years were 
calculated with the Kaplan–Meier method, and 
95% confidence intervals were estimated by means 
of Greenwood’s formula. Survival estimates were 
compared with the U.S. Scientific Registry of 

Transplant Recipients (SRTR) results. Study results 
were compared with SRTR data for all kidney-
transplant recipients and also for kidney-trans-
plant recipients 65 years of age or older (who are 
offered transplantation selectively because they 
are at increased risk for graft loss or death). One-
year patient-survival and graft-survival rates were 
prospectively monitored with a closed sequen-
tial probability ratio test, with error rates of 
0.05; for trial continuation, results had to be 
within 12% of the results for recipients 65 years 
of age or older in the national database. The log-
rank test was used to compare survival esti-

Table 1. (Continued.)

Characteristic Value

Recipient after transplantation

Immunosuppression at 1 wk — no. (%)

Tacrolimus 99/150 (66)

Cyclosporine 33/150 (22)

Mycophenolate mofetil 131/150 (87)

Basiliximab or daclizumab induction 76/150 (51)

Antithymocyte globulin induction 48/150 (32)

Cyclosporine trough level — ng/ml

At 1 mo

Median 176

Interquartile range 118–246

At 1 yr

Median 127

Interquartile range 106–142

Tacrolimus trough level — ng/ml

At 1 mo

Median 9.1

Interquartile range 6.0–11.9

At 1 yr

Median 7.2

Interquartile range 5.5–9.1

*		 HAART denotes highly active antiretroviral therapy, and NNRTI nonnucleoside reverse-transcriptase inhibitor.
†		 These criteria indicate that the donor organ is at higher risk for graft loss due to organ quality.
‡		 Race was self-reported.
§		  Biopsy confirmation was available for 21% of the patients: 78% of those with focal glomerulosclerosis and less than 

30% of those with other diagnoses.
¶		 The most common opportunistic complications before transplantation were Pneumocystis jiroveci pneumonia, cyto-

megalovirus-associated retinitis, Mycobacterium avium complex, and Kaposi’s sarcoma.
‖		 The pretransplantation CD4+ count was obtained within 16 weeks before transplantation.
**	 The protease inhibitor–based regimen, NNRTI-based regimen, protease-inhibitor–based and NNRTI-based regimen, 

and nucleoside analogues–only combinations included at least two nucleoside analogues (except for eight that included a 
single nucleoside analogue) and did not include raltegravir or maraviroc. Of the six raltegravir-based combinations, two 
included maraviroc and a protease-inhibitor–based regimen, and the rest included an NNRTI-based regimen in addition to 
raltegravir.
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mates between patients with and those without 
HCV infection, patients who did and those who did 
not receive antithymocyte globulin induction 
therapy within 1 week after transplantation, and 
patients with a diagnosis of HIV-associated ne-
phropathy versus those with all other causes of 
ESRD. Multivariate proportional-hazards modeling 
was performed.

At years 1 and 3, changes from baseline in 
CD4+ T-cell counts and changes in the estimated 
glomerular filtration rate (GFR) (measured with 
the use of the abbreviated Modification of Diet 
in Renal Disease equation) from the value at  
3 months were analyzed with the use of the Wil-
coxon signed-rank test. The rank-sum test was 
used to compare the estimated GFR in patients 
with and those without rejection. Negative bino-
mial regression was used to compare the number 
of serious infections per follow-up year in two 
subgroups: patients with HCV infection and those 
who received antithymocyte globulin induction 
therapy during the first week after transplantation.

A two-sided P value of less than 0.05 was con-
sidered to indicate statistical significance. Statis-
tical analyses were performed with the use of SAS 
software, version 9.2 (SAS Institute) (see the Sup-
plementary Appendix).

R esult s

Patient and Donor Characteristics

We enrolled 150 patients in the study from Novem-
ber 2003 through June 2009. Survivors were fol-
lowed for a median of 1.7 years (interquartile range 
[IQR], 0.7 to 3.0). One patient withdrew consent 
at 6 months. At the time of analysis, 53 patients 
had completed at least 3 years of follow-up. Recipi-
ent and donor characteristics, pretransplantation 
HAART regimens, and initial induction and main-
tenance immunosuppressive regimens are present-
ed in Table 1. Antiretroviral therapy was withheld 
immediately after transplantation in 54 patients 
(36%). HAART was restarted within a week after 
transplantation in 46 patients and between 1 and 
3 weeks after transplantation in the remaining 
8 patients.

Patient and Graft Survival

Patient survival rates (±SD) at 1 year and 3 years 
were 94.6±2.0% and 88.2±3.8%, respectively (Fig. 
1). The 1-year and 3-year graft-survival rates were 
90.4% and 73.7%, respectively. Patient- and graft-

survival rates were generally between those re-
ported in the SRTR database for older kidney-
transplant recipients (≥65 years) and for all kidney-
transplant recipients during a similar time frame 
(Table 2 and Fig. 1).

A total of 11 patients died: 3 from cardiac 
causes, 2 each from sepsis and pulmonary infec-
tion, 2 from renal-cell carcinoma in the native 
kidneys, and 2 from unknown causes. The graft 
was still functioning at the time of death in 8 pa-
tients. An additional 13 grafts failed owing to 
chronic rejection or chronic allograft nephropathy 
(5 grafts), vascular thrombosis (3 grafts), acute 
rejection (3 grafts), technical reasons (1 graft), 
and nonadherence to medical therapy (1 graft).

Univariate proportional-hazards models showed 
that an increased risk of graft loss was poten-
tially associated with treated rejection (hazard ra-
tio, 3.0; 95% confidence interval [CI], 1.3 to 7.1; 
P = 0.01), antithymocyte globulin induction (haz-
ard ratio, 2.1; 95% CI, 0.9 to 4.6; P = 0.08), and 
delayed graft function (hazard ratio, 2.1; 95% CI, 
1.0 to 4.8; P = 0.07); the use of a graft from a living 
donor was protective (hazard ratio, 0.2; 95% CI, 
0.04 to 0.70; P = 0.02). In the multivariate propor-
tional-hazards model, an increased risk of graft 
loss was associated with treated rejection (hazard 
ratio, 2.8; 95% CI, 1.2 to 6.6; P = 0.02), and anti-
thymocyte globulin induction (hazard ratio, 2.5; 
95% CI, 1.1 to 5.6; P = 0.03). The use of a graft 
from a living donor was protective (hazard ratio, 
0.2; 95% CI, 0.04 to 0.80; P = 0.02).

Figure 2 shows the patient- and graft-survival 
curves according to whether the patient was in-
fected with HCV. The risks of death and of graft 
loss were marginally higher for patients who re-
ceived antithymocyte globulin induction therapy 
than for those who did not (P = 0.06 and P = 0.07, 
respectively, by the log-rank test). When patients 
with a baseline diagnosis of HIV-associated ne-
phropathy were compared with those who had 
ESRD from other causes, there were no significant 
differences in the 1-year patient survival rates 
(96.8% and 93.9%, respectively; P = 0.63 by the 
log-rank test) or in the 1-year graft survival rates 
(87.3% and 91.3%, respectively; P = 0.24 by the 
log-rank test).

Allograft Rejection

Among the kidney-allograft recipients, 49 (33%) 
had 67 acute rejection episodes. The cumulative 
incidence of rejection was 31% (95% CI, 24 to 40) 
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at 1 year and 41% (95% CI, 32 to 52) at 3 years. 
The 1-year SRTR rejection rate was 12.3% (95% CI, 
11.9 to 12.7) (Fig. 1). Figure 2 shows the time to 
a first acute rejection episode according to HCV 
infection status. There were 42 acute cellular re-
jection episodes (63%), 4 acute vascular rejection 
episodes (6%), 7 acute cellular and vascular rejec-
tion episodes combined (10%), and 4 chronic and 
acute rejection episodes (6%). There were 23 re-
jection diagnoses in patients taking cyclosporine 
(34%) and 38 in those taking tacrolimus (57%); 
32 rejection episodes (48%) responded to gluco-
corticoid therapy.

For cyclosporine, the median trough level at 
1 month was 171 ng per milliliter (IQR, 129 to 
209) for patients who entered the study during 
the first half of the enrollment period and 234 ng 
per milliliter (IQR, 93 to 358) for those who en-
tered during the second half. For tacrolimus, the 
corresponding median trough levels at 1 month 
were 8.6 ng per milliliter (IQR, 6.0 to 12.5) and 
9.4 ng per milliliter (IQR, 6.0 to 11.8). Because 
HAART inhibits the cytochrome P-450 system, 
28% of the patients (15% of the cyclosporine 
group and 31% of the tacrolimus group) received 
less frequent doses of these drugs (i.e., every other 
day or every third day).

A higher tacrolimus trough level was associ-
ated with a decreased risk of a first acute allograft 
rejection in the unadjusted model (hazard ratio, 
0.90; 95% CI, 0.81 to 1.00; P = 0.04). In the multi-
variate proportional-hazards model, the only vari-
ables associated with an increased risk of graft 
rejection were the use of a kidney from a de-
ceased donor (hazard ratio, 2.3; 95% CI, 1.1 to 4.8; 
P = 0.03) and cyclosporine use (hazard ratio, 2.1; 
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Figure 1. Kaplan–Meier Estimates of Patient and Graft 
Survival and First Acute Kidney-Allograft Rejection.

Rates of patient survival (Panel A) and graft survival 
(Panel B) were generally within those rates reported in 
the national Scientific Registry of Transplant Recipients 
(SRTR) for older kidney-transplant recipients (≥65 
years) and for all kidney-transplant recipients in the 
United States during a similar time frame. The rate of 
graft survival was calculated on the basis of graft fail-
ure from any cause. The 1-year and 3-year cumulative 
incidences of graft rejection in the study recipients 
were 31% (95% confidence interval [CI], 24 to 40) and 
41% (95% CI, 32 to 52), respectively. The 1-year SRTR 
rejection rate was estimated to be 12.3% (95% CI, 11.9 
to 12.7) (Panel C). 
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95% CI, 1.1 to 3.9; P = 0.02). A higher post-trans-
plantation CD4+ T-cell count was marginally pro-
tective (hazard ratio per increase of 50 cells per 
cubic millimeter, 0.9; 95% CI, 0.9 to 1.0; P = 0.07).

Allograft Function

Delayed graft function, defined as the need for 
dialysis during the first week after transplanta-
tion, occurred in 15% of patients with transplants 
from living donors and in 46% of patients with 
transplants from deceased donors. The median 
change in the estimated GFR at years 1 and 3, as 
compared with the value 3 months after trans-
plantation, was 0.0 ml per minute per 1.73 m2 of 
body-surface area (IQR, −12.1 to 8.4; P = 0.23) and 
−11.8 ml per minute (IQR, −26.8 to 7.2; P = 0.04), 
respectively. Patients with rejection episodes had 
a significantly lower median estimated GFR than 
did those without such episodes at 1 year (51.8 
vs. 60.5 ml per minute, P = 0.05) and at 3 years 
(38.8 vs. 64.0 ml per minute, P = 0.01).

Progression of HIV Disease

There were two cases of newly diagnosed cutane-
ous Kaposi’s sarcoma and one case each of can-
didal esophagitis, presumptive P. jiroveci pneu
monia, and cryptosporidiosis. Two patients had 
biopsy-proven, newly diagnosed HIV-associated 
nephropathy in the absence of detectable virus. 
One of the two patients, a white recipient of a 
kidney from a white, related living donor, had a 
CD4+ T-cell count of 770 per cubic millimeter at 
the time of diagnosis, and the patient has contin-
ued to have excellent kidney function. The other 
patient was a black recipient of a kidney from a 
black deceased donor. At the time of diagnosis, 
his CD4+ T-cell count was 0, but it increased to 

274 cells per cubic millimeter by 9 months. Un-
fortunately, kidney function continued to deteri-
orate in this patient.

The median change in the CD4+ T-cell count 
from baseline to 1 year after transplantation was 
significantly greater in patients who received early 
induction therapy with antithymocyte globulin 
than in those who did not (−238 vs. −135 cells per 
cubic millimeter, P<0.001) (Fig. 3). The corre-
sponding median changes from baseline to 3 years 
after transplantation were −57 cells per cubic mil-
limeter (IQR, −237 to 61; P = 0.31) and −52 cells per 
cubic millimeter (IQR, −258 to 34; P = 0.05), re-
spectively. Of the 48 patients (32%) who had a 
detectable plasma HIV-1 RNA level at any time 
after transplantation, 29 had a detectable level on 
a single occasion; the HIV-1 RNA level was sub-
sequently undetectable in 26 of these patients and 
was detectable at the time of graft loss in the 
other 3. Among the remaining 19 patients, there 
were 36 episodes of transient viremia (median 
peak HIV-1 RNA level, 604 copies per milliliter 
[IQR, 153 to 3270]). Only 1 patient had a detect-
able plasma HIV-1 RNA at year 3.

Infections and Hospitalizations

Of the 150 kidney recipients, 57 (38%) had a total 
of 140 reported infections that required hospital-
ization. Of these infections, 69% were bacterial, 
9% fungal, 6% viral, and 1% protozoal. Culture was 
not performed or was negative for the remaining 
15%. The most common organisms isolated were 
Escherichia coli (in 21 patients), enterococcus (in 17), 
Staphylococcus aureus (in 12), S. epidermidis (in 11), 
and klebsiella (in 8). The three most common sites 
of infection were the genitourinary tract (in 26% 
of cases), the respiratory tract (in 20%), and the 

Table 2. Rates of Patient Survival and Graft Survival at 1 Year and 3 Years among HIV-Infected Kidney-Transplant 
Recipients (Study Patients) and Patients in the SRTR Database.*

Population Patient Survival Graft Survival

At 1 Year At 3 Years At 1 Year At 3 Years

percent (95 percent confidence interval)

Study patients 94.6 (88.9–97.4) 88.2 (78.3–93.8) 90.4 (83.9–94.3) 73.7 (61.9–82.4)

SRTR patients

Age ≥65 yr 91.8 (91.1–92.4) 79.5 (78.0–80.9) 88.3 (87.5–89.1) 74.4 (72.9–75.9)

Overall 96.2 (96.0–96.4) 90.6 (90.2–91.0) 92.5 (92.3–92.8) 82.8 (82.3–83.3)

*	SRTR denotes Scientific Registry of Transplant Recipients.
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blood (in 19%). About 60% of the serious infec-
tions occurred within the first 6 months after 
transplantation.

Patients who tested positive for HCV infection 
had a higher average rate of serious infections per 
follow-up year than did those who tested negative 
(0.8 vs. 0.5, P = 0.02). The patients who received 
antithymocyte globulin therapy in the first week 
had about twice as many serious infections per 
follow-up year as patients who did not receive 
such therapy (0.9 vs. 0.4, P = 0.002). Five cases of 
polyomavirus nephropathy were reported. In ad-
dition, 212 hospitalizations were reported for rea-
sons other than infection, about half of which 
were for the purpose of biopsy and diagnosis of 
rejection.

Neoplasms

Nine neoplasms were reported. In addition to the 
two cases of renal-cell carcinoma and two cases 
of Kaposi’s sarcoma, there were two cases of oral 
squamous-cell carcinoma and one case each of 
squamous-cell skin cancer, basal-cell skin cancer, 
and cancer of the thyroid gland.

Discussion

The early results of this prospective trial show 
that kidney transplantation is highly feasible in 
HIV-infected recipients. Inferences are limited by 
the relatively small number of patients, the short 
interim follow-up period, the multiple subgroups 

of patients, and the variations in post-transplan-
tation antiretroviral and immunosuppressive ther-
apies. Nonetheless, the diversity of the patient 

Figure 2. Kaplan–Meier Estimates of Patient and Graft 
Survival and First Acute Kidney-Allograft Rejection  
According to Presence or Absence of Hepatitis C Virus 
(HCV) Infection.

Panel A shows the rate of patient survival, Panel B the 
rate of graft survival, and Panel C the rate of rejection 
according to HCV status. Seven deaths occurred 
among 122 HCV-negative patients (6%) and 4 among 
28 HCV-positive patients (14%). Among HCV-positive 
recipients, the 1-year product-limit estimates for pa-
tient survival and graft survival were 88.3% (95% CI, 
67.9 to 96.1) and 88.6% (95% CI, 68.6 to 96.2), respec-
tively. Among HCV-negative recipients, the corre-
sponding estimates were 96.1% (95% CI, 90.0 to 98.5) 
and 90.9% (95% CI, 83.7 to 95.0). The hazard of death 
was marginally higher in the HCV-positive patients 
than in the HCV-negative patients (P = 0.09 by the log-
rank test) (Panel A). Time-to-event curves for graft loss 
(Panel B) and for graft rejection (Panel C) did not dif-
fer significantly between HCV-positive and HCV-nega-
tive patients (P = 0.91 and P = 0.36, respectively, by the 
log-rank test).
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population and of the strategies for post-trans-
plantation management reflects the population 
of candidates for transplantation and allows for 
an evaluation of causal factors associated with key 
outcomes. The rates of patient survival and graft 
survival at 3 years were generally between the 
reported rates in the national database for older 
kidney-transplant recipients (≥65 years of age) 
and for all kidney-transplant recipients. We be-

lieve that these favorable results were influ-
enced by careful patient selection, adherence to 
clinical management protocols (available at www
.hivtransplant.com), and close coordination among 
the multidisciplinary teams (including surgeons, 
nephrologists, nurse coordinators, pharmacolo-
gists, social workers, HIV experts, and referring 
primary care providers and nephrologists).

The greatest clinical challenge in this study was 
achieving therapeutic and nontoxic levels of the 
immunosuppressive drugs administered, owing 
to the complicated pharmacokinetic interactions 
of these agents with some antiretroviral agents. 
Nontherapeutic exposure to immunosuppressive 
agents may have contributed to the higher inci-
dence of rejection. Although the 1-month trough 
levels of tacrolimus and cyclosporine were consis-
tent with those in kidney-transplant recipients who 
do not have HIV infection, nearly one third of the 
HIV-infected recipients were receiving alternative 
dosing regimens, so their total exposure may have 
been considerably different. By avoiding the use 
of antiretroviral agents that affect cytochrome 
P-450-3A–metabolizing enzymes, we may achieve 
more therapeutic levels of calcineurin inhibitors 
and reduce the high incidence of allograft rejec-
tion.11-13 The use of integrase inhibitor–based 
regimens may help us reach these goals.14

Since rejection rates were significantly in-
creased with cyclosporine-based maintenance 
therapy, tacrolimus may be the calcineurin inhibi-
tor of choice. Nonetheless, for patients coinfected 
with HCV, cyclosporine may be optimal on the 
basis of its in vitro efficacy against this virus.15,16

Antithymocyte globulin induction therapy should 
be restricted to patients at very high immuno-
logic risk for rejection.

The main finding of concern in this study, as 
well as in our pilot study,17 was the unexpect-
edly higher rejection rates (by a factor of 2 to 3) 
in the HIV-infected kidney recipients, as compared 
with recipients who did not have HIV infection. 
About half these episodes were glucocorticoid-
resistant, which is characteristic of aggressive re-
jection. Aggressive acute rejection within 6 months 
after transplantation suggests an inherently en-
hanced response to donor antigens. The subse-
quent gradual and steady increase in rejection de-
spite low CD4+ T-cell counts may represent a 
memory response. Multiple explanations for this 
type of response can be hypothesized. First, HIV 
contains human leukocyte antigen molecules of 
the host, and their transmission to another host 
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Figure 3. Changes in CD4+ T-Cell Count and Percentage of CD4+ T Cells 
after Transplantation, According to Antithymocyte Globulin Induction Status.

The mean (±SE) CD4+ T-cell counts and the mean (±SE) percentages of 
CD4+ T cells are plotted over time in Panels A and B, respectively. At year 
0.2, the mean changes from baseline in numbers and percentages of CD4+ 
T cells were significantly greater in patients who received antithymocyte 
globulin induction therapy early than in those who did not (P = 0.004 and 
P = 0.048, respectively). After the initial drop, there was an increase in the 
CD4+ T-cell count (P<0.001), but the percentage of CD4+ T cells did not 
change significantly over time (P = 0.66).
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may induce allosensitization.18,19 Second, the ho-
meostatic expansion of T cells in HIV infection 
is often coupled with the acquisition of memory 
phenotype, which in turn is associated with in-
creased responsiveness of the T cell and nonspe-
cific enhancement of alloimmunity.20,21 Third, 
prior infections can lead to the generation of 
memory alloreactive T cells as a result of cross-
reactivity.22-29 All these potential mechanisms are 
being addressed in ongoing studies.

There was no evidence of accelerated HIV dis-
ease progression, despite the initial decline in the 
CD4+ T-cell count. HIV viremia was not precipi-
tated by immunosuppression and, despite chal-
lenging drug interactions, continued to be well 
controlled. The two patients with newly diagnosed 
Kaposi’s sarcoma were successfully treated with 
sirolimus, which has been reported to control hu-
man herpesvirus 8 infection.30 Other newly diag-
nosed neoplasms were observed at rates consis-
tent with kidney transplantation31; no cases of 
post-transplantation lymphoproliferative disease 

were seen. There was a trend toward reduced 
rates of survival among patients with HCV coin-
fection, which may be related to an increased risk 
of other serious infections.

In summary, kidney transplantation appears 
to be a feasible renal-replacement therapy in care-
fully selected HIV-infected patients. HIV infection 
has continued to be well controlled in patients 
with previously well-controlled HIV infection who 
are receiving stable antiretroviral therapy. Im-
proved strategies for minimizing rejection and 
managing complex drug interactions are needed, 
and better control of infections in patients coin-
fected with HCV should continue to be explored.
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