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Objectives: The risk factors for late-onset Pneumocystis jirovecii pneumonia (PCP) after liver transplan-
tation (LT) have not been well studied. We aimed to analyze the clinical features preceding PCP in LT
recipients that would guide individualized prophylaxis.
Methods: Among 742 patients who underwent LT and routine PCP prophylaxis from January 2009
through December 2019 at Severance Hospital, 27 patients developed PCP. We conducted a retrospective
Keywords: case-control study matching each patient with four controls and analyzed the risk factors for late-onset
Pneumocystis jirovecii pneumonia PCP.
Risk factor ) Results: After 6 months, post-transplant PCP cases increased steadily with an overall incidence of 6.36
Liver transplantation cases per 1000 patient-year. The PCP-related mortality was 37.0%. In the multivariate analyses, age
at LT >65 years (odds ratio [OR], 13.305; 95% confidence interval [CI], 2.507-70.618; P = 0.002), cy-
tomegalovirus infection (OR, 5.390; 95% CI, 1.602-18.132; P = 0.006), steroid pulse therapy (OR, 6.564;
95% CI, 1.984-21.719; P = 0.002), hepatocellular carcinoma recurrence (OR, 18.180; 95% CI, 3.420-96.636;
P = 0.001), and lymphocytopenia (OR, 3.758; 95% CI, 1.176-12.013; P = 0.026) were independently asso-
ciated with PCP.
Conclusion: Late-onset PCP after routine prophylaxis after LT remains a lethal infection and is associ-
ated with age >65 years at LT, cytomegalovirus infection, steroid pulse therapy, hepatocellular carcinoma
recurrence, and lymphocytopenia. Targeted prophylaxis considering these risk factors could improve the
prevention of this potentially lethal complication.
© 2023 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious
Diseases.
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Antipneumocystis prophylaxis is currently recommended for all
SOT recipients for at least 6-12 months after transplantation [3].

Introduction

Pneumocystis jirovecii pneumonia (PCP) is a potentially life-
threatening pulmonary infection that primarily affects immuno-
compromised patients, including solid organ transplant (SOT) re-
cipients. Before the era of routine prophylaxis, PCP occurred in
5-15% of SOT cases [1]. Although prophylaxis with trimetho-
prim/sulfamethoxazole (TMP/SMX) has reduced the incidence of
PCP in SOT recipients by 91%, it remains a lethal disease, with a
mortality rate of at least 25%, even with modern treatment [2].
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However, the occurrence of late-onset PCP in SOT recipients de-
spite routine prophylaxis underscores the importance of identify-
ing risk factors that could inform the duration and reinstitution
of prophylaxis. Although the incidence of PCP in liver transplanta-
tion (LT) recipients is low, ranging from 2.19 to 2.6 cases per 1000
person-years in recent European cohorts [1,4], the high mortality
rate associated with the infection highlights the need for individu-
alized prophylactic strategies rather than a fixed period of prophy-
laxis for all LT recipients.

Previous case-control studies have identified cytomegalovirus
(CMV) viremia, treatment for acute rejection, older age, and lym-
phocytopenia as risk factors for late-onset PCP in SOT recipients
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[2,4-6]. However, the limited number of PCP cases in LT recipients
included in these studies (2-5 cases) restricts their applicability to
this patient population [1,2,4-6]. In addition, few studies have ex-
clusively focused on PCP risk factors in LT recipients, and those
that have were limited by small sample sizes [7-9]. These stud-
ies also did not investigate the impact of operation-related factors,
such as cold ischemic time and transfusions, which may affect im-
munity and increase the risk of PCP in LT recipients.

Moreover, unlike other SOT recipients, approximately 50% of re-
cipients undergo LT for malignancy in Asian countries. After hep-
atocellular carcinoma (HCC)-related LT, immunosuppressant use is
often modified to reduce HCC recurrence, and the treatments for
recurrence can affect the post-transplant immune status. These
factors warrant consideration, along with previously reported PCP
risk factors. Currently, no guidelines exist for PCP prophylaxis ex-
clusively in LT recipients. Accordingly, we conducted a retrospec-
tive case-control study in LT recipients analyzing the clinical pa-
rameters preceding PCP development, including reported risk fac-
tors, as well as oncologic features, to identify high-risk patients
who may benefit from prolonged or reinitiated PCP prophylaxis.

Patients and methods
Study population

A total of 832 patients who received LT and routine prophy-
laxis for PCP at Severance Hospital, Yonsei University College of
Medicine, Republic of Korea, between January 2009 and December
2019, were evaluated. Pediatric patients, retransplants, and com-
bined transplants were excluded. Among the 742 remaining pa-
tients, 27 developed PCP (PCP cases), whereas 715 did not (con-
trols). All PCP cases in this study were probable PCP infections
that satisfied the triad criteria of the European Organization for
Research and Treatment of Cancer and the Mycoses Study Group
Education and Research Consortium consensus definition: host fac-
tor (SOT recipient) and clinical and radiologic criteria plus pos-
itive real-time polymerase chain reaction (PCR) for P. jirovecii in
bronchoalveolar lavage fluid or sputum [10]. The real-time PCR as-
say was performed with the AmpliSens Pneumocystis jirovecii-FRT
PCR kit (Moscow, Russia), a well-validated, widely used qualita-
tive real-time PCR assay. Amplification was performed on the Bio-
Rad CFX96 Real-Time PCR System (Bio-Rad, USA). A positive test
result was defined as a cycle threshold <35, according to the man-
ufacturer’s instructions. The clinical and radiologic findings of PCP
cases are described in Supplementary Table 1.

We conducted a nested case-control study, with each case
matched to four controls. To minimize the historical differences
in immunosuppressant protocols, we first screened for controls
among patients undergoing LT 1 month before or after the trans-
plantation date of the index case. We then randomly selected those
with >1 chest X-ray (CXR) or chest computed tomography (CT)
scan without signs of pneumonia or a negative PCP PCR test per-
formed close to the diagnosis date (Dp) of the matched case to en-
sure that the controls did not develop PCP and that the duration
of exposure to immunosuppressant (time between LT and Dp) was
controlled. For the control group, the date of the negative CXR, CT
scan, or PCR test was regarded as Dp.

Immunosuppressive regimens

All patients received basiliximab for induction immunosuppres-
sion. Rituximab was used according to a desensitization protocol
in ABO-incompatible recipients. Maintenance immunosuppression
consisted of a calcineurin inhibitor, prednisolone, and mycopheno-
late mofetil or mammalian target of rapamycin inhibitor (mTORi).
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mTORi, mostly everolimus for patients with HCC, was usually ini-
tiated 4 weeks after LT, as described previously [11].

P. jirovecii pneumonia and CMV prophylaxis

Routine PCP prophylaxis consists of TMP/SMX (400/80 mg
daily) for 6-12 months after LT. CMV prophylaxis is considered
only in high-risk patients: seropositive donor/seronegative recipi-
ents. Preemptive ganciclovir treatment is administered when CMV
infection (quantitative PCR >500 [U/ml) is detected. Plasma CMV
PCR is routinely performed 7, 14, 21, and 28 days after LT and on
an as-needed basis thereafter.

Clinical and laboratory assessments

Data from medical records were collected for each case and
control, including age at LT and Dp, sex, donor type, donor age
at LT, model for end-stage liver disease score, Child-Turcotte-
Pugh score, original liver disease, ABO incompatibility, pretrans-
plant laboratory values (including CMV serologic status of the
donor/recipient [D/R]), operation details, and duration of PCP pro-
phylaxis. We also collected data on immunosuppression regimen,
as well as trough levels of immunosuppressants 180 days before
and during the Dp. Episodes of CMV infection, rejection, steroid
pulse therapy (methylprednisolone 500 mg/day for >2 days), and
recurrent or de novo HCC within a look-back window of 1-5 years
before Dp were recorded. Blood cell counts, liver function tests, in-
ternational normalized ratio, and serum creatinine at Dp and dur-
ing the 180 days before Dp were also collected. Monthly assess-
ment of serum liver function tests, international normalized ratio,
creatinine, and immunosuppressant levels were performed until 1
year after LT, then every 1 or 2 months during follow-up.

Statistical analyses

Continuous variables were presented as median with interquar-
tile range (IQR) and analyzed using the Mann-Whitney U test. Cat-
egorical variables were reported as frequency with percentage and
compared using the chi-square or Fisher’s exact test. The Kaplan-
Meier method was used to calculate cumulative incidences of PCP
after LT. The independent predictors for PCP development were de-
termined using a logistic regression model. Variables with P-values
<0.05 were included in the multivariate analyses. The data anal-
yses were performed using SPSS 26.0 software (SPSS, Chicago, IL,
USA). P-values <0.05 were considered statistically significant.

Results

Frequency of P. jirovecii pneumonia occurrence and baseline patient
characteristics

During a median follow-up of 71.0 months (IQR, 38.0-99.0), 27
PCP cases occurred among 742 patients. The median follow-up du-
ration after Dp was 36.4 months (IQR, 13.3-59.5). The incidence of
PCP after LT was 6.36 cases per 1000 patient-years over a total
of 4247 patient-years. The median time to PCP diagnosis was 25.6
months from LT (IQR, 12.9-53.9). The PCP incidence after 6 months
post-transplant steadily increased at approximately 2.2 cases per
year. Cumulative probabilities of PCP were 0.6%, 1.0%, 2.9%, and
6.2% at 1, 2, 5, and 10 years (Figure 1).

The baseline characteristics of the 27 PCP cases and 108 con-
trols are described in Table 1. Median age at LT was significantly
higher in PCP cases than in controls (57.0 years vs 54.0 years;
P = 0.023) and remained significant when stratified using an age
cut-off of 65 years (18.5% [5/27] vs 5.6% [6/108], P = 0.043). There
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Figure 1. Cumulative probability of PCP after liver transplantation. The probability of PCP was 0.6%, 1.0%, 2.9%, and 6.2% at 1, 2, 5, and 10 years. Cumulative probabilities

were calculated using the Kaplan-Meier method.
PCP, Pneumocystis jirovecii pneumonia; Pt, patient.

Table 1
Baseline characteristics of liver transplant recipients with or without PCP.
PCP-positive (n = 27) PCP-negative (n = 108) P-value
Age at LT (year) 57.0 (55.0-63.0) 54.0 (48.3-59.8) 0.023
Age at LT >65 years, n (%) 5(18.5) 6 (5.6) 0.043
Age at Dp (year) 60.9 (56.9-65.1) 57.0 (51.9-63.5) 0.050
Age at Dp >65 years, n (%) 7 (25.9) 15 (13.9) 0.149
Male sex, n (%) 76 (70.4) 20 (74.1) 0.815
Body mass index (kg/m?) 23.4 (20.6-26.0) 23.5 (21.7-25.1) 0.795
Donor type, n (%) 0.035
Living donor 14 (51.9) 80 (74.1)
Deceased donor 13 (48.1) 28 (25.9)
Donor age at LT (years) 37.0 (31.0-53.0) 37.5 (26.0-47.0) 0.263
Donor male sex, n (%) 18 (66.7) 64 (59.3) 0.243
Hypertension at LT, n (%) 5(18.5) 14 (13.0) 0.751
Diabetes mellitus at LT, n (%) 7 (25.9) 26 (24.1) 0.883
Original liver disease
Hepatitis B virus, n (%) 15 (55.6) 61 (56.5) 0.931
Hepatitis C virus, n (%) 4(14.8) 6 (5.6) 0.113
Alcoholic liver cirrhosis 4 (14.8) 27 (25.0) 0.260
Autoimmune hepatitis 2 (7.4) 4 (3.7) 0.345
Primary biliary cirrhosis or primary sclerosing cholangitis 2(7.4) 2(1.9) 0.178
Nonalcoholic fatty liver disease 1(3.7) 2 (1.9) 0.491
Hepatocellular carcinoma, n (%) 16 (59.3) 58 (53.7) 0.669
ABO-incompatible LT, n (%) 4(14.8) 18 (16.7) 0.248
PCP prophylaxis duration (days) 305 (160-382) 318 (198-348) 0.991
Time between LT and Dp (days) 770 (328-1614) 780 (388-1633) 0.800
Time from end of PCP prophylaxis to Dp (days) 480 (115-1258) 490 (100-1288) 0.873

Data are median (interquartile range), unless otherwise indicated.

Dp, date of PCP diagnosis in the case group and date of chest imaging without pneumonia or negative PCP PCR in the control group; LT, liver transplantation; PCP,

Pneumocystis jirovecii pneumonia.

were no differences between groups for median age at Dp and pro-
portion of male sex, original liver disease, or HCC cases. The PCP
cases had a higher proportion of deceased donors than controls
(48.1% vs 25.9%, P = 0.035), but there was no difference in donor
age or sex at LT between groups. The median PCP prophylaxis du-
ration, time from LT to Dp, and time from the end of PCP prophy-
laxis to Dp were similar between groups because of routine pro-
phylaxis and uniform exposure duration in our study design.

Preoperative biologic and operation-related factors

At LT, then blood cell counts, aspartate aminotransferase (AST),
alanine aminotransferase (ALT), total bilirubin, creatinine, esti-
mated glomerular filtration rate, model for end-stage liver disease
score, and Child-Turcotte-Pugh score were similar between the PCP
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cases and controls. Likewise, operation-related factors, such as to-
tal operation time, anhepatic time, cold ischemic time, warm is-
chemic time, blood loss, and transfusions, showed no significant
differences between groups (Supplementary Table 2).

Immunosuppressive regimens

Everolimus use was more frequent in PCP cases than in con-
trols (59.3% vs 27.8%, P = 0.003). Everolimus trough level at Dp
was higher in PCP cases, whereas the average everolimus trough
level during the 180 days before Dp did not differ between groups.
Tacrolimus trough levels at Dp and the average tacrolimus trough
level during the 180 days before Dp did not differ between groups
(Supplementary Table 3).
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Table 2
CMV and rejection-related features associated with PCP after liver transplantation.
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PCP-positive (n=27) PCP-negative (n=108) p value

Pre-LT cytomegalovirus serologic status, n (%) 0.698

D(+)/R(+) 94 (87.0) 22 (81.5)

D(+)/R(-) 0(0) 0 (0)

D(-)/R(+) 7 (6.5) 3(11.1)

D(-)/R(-) 0(0) 0(0)

Not determined 3(11.1) 7 (6.5)
Patients with cytomegalovirus prophylaxis, n (%) 0 0 1.000
Patients with cytomegalovirus infection

Between LT and Dp 15 (55.6) 31 (28.7) 0.012

During 1 year before Dp, n (%) 11 (40.7) 12 (11.1) 0.001
Patients with rejection episode(s) before Dp, n (%) 11 (40.7) 32 (29.6) 0.355

Patients with biopsy-proven rejection, n (%) 5(18.5) 10 (9.3) 0.180
Treatment of rejection, n (%)

Steroid pulse therapy' 11 (40.7) 32 (29.6) 0.355

Anti-thymocyte globulin 0 1(0.9) 1.000

Plasma exchange 1(3.7) 2 (1.9) 0.491
Patients with steroid pulse therapy before Dp, n (%) 14 (51.9) 32 (29.6) 0.041
Patients with rejection episode(s) during 2 yr before Dp, n (%) 10 (37.0) 14 (13.0) 0.009

Patients with biopsy-proven rejection, n (%) 5(18.5) 4 (3.7) 0.016
Patients with steroid pulse therapy during 2 yr before Dp, n (%) 13 (48.1) 14 (13.0) <0.001

Data are median [interquartile range], unless otherwise indicated.

PCP, Pneumocystis jirovecii pneumonia; LT, liver transplantation; D, donor; R, recipient; Dp, date of PCP diagnosis in the case group and date of chest imaging without

pneumonia or negative PCP PCR test in the control group; BPR, biopsy-proven
T Methylprednisolone 500 mg/day for >2 days.

CMV and rejection-related parameters

Parameters related to CMV and rejection after LT are presented
in Table 2. Distributions of D/R serologic CMV status before LT
were similar between groups, with D(+)/R(+) being the most fre-
quent status in both groups (PCP cases, 87.0%; controls, 81.5%).
D(+)/R(—) was not observed in either group, and no patient re-
ceived CMV prophylaxis. The rate of CMV infection during the total
time between LT and Dp, as well as annually up to 5 years before
Dp were significantly higher in PCP cases than in controls (Supple-
mentary Table 4). In the year before Dp, the difference was most
significant (40.7% vs 11.1%, P = 0.001).

During the total time between LT and Dp, the proportion of pa-
tients with rejection episode(s) (total or biopsy-proven) and the
treatments for these episodes did not differ between groups. How-
ever, steroid pulse therapy was more frequently performed in PCP
cases than in controls (51.9% vs 29.6%, P = 0.041) during the same
period. The proportion of patients receiving steroid pulse therapy
during the look-back periods annually up to 5 years before Dp are
summarized in Supplementary Table 4.

In the 2 years before Dp, the proportion of patients with re-
jection episodes and the rate of steroid pulse therapy were both
higher in PCP cases than in controls (37.0% vs 13.0%, P = 0.009;
48.1% vs 13.0%, P <0.001). In three cases among PCP recipients,
steroid pulse therapy was administered under suspicion of rejec-
tion, but the final pathological diagnosis did not confirm the rejec-
tion.

Oncologic and biologic features in LT recipients with or without P.
jirovecii pneumonia

Because more than 50% of patients in both the PCP and control
groups had HCC at LT, the data regarding HCC recurrence between
LT and Dp with look-back windows annually up to 5 years before
Dp were recorded (Table 3, Supplementary Table 4). The rate of
HCC recurrence was significantly higher in the PCP group than in
the control group during the 3 years preceding Dp (25.9% vs 3.5%,
P = 0.001).

Average blood cell counts during the 180-day look-back win-
dow before Dp revealed significantly lower lymphocyte counts in
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PCP cases than in controls: 600.0 cells/mm? (IQR, 373.9-820.0) ver-
sus 1011.7 (IQR, 734.1-1320.1) cellsymm3 (P <0.001). The average
lymphocyte count was <750 cells/mm?3 in the 180 days before
Dp in 70.4% of PCP cases, whereas only 27.8% of 108 controls (P
<0.001). During the same period, the average AST and ALT levels
were higher in PCP cases than in controls; although, the median
AST and ALT values in both groups were below the upper limit of
normal (46 IU/I at our institution) (Table 3).

Multivariate analyses

In multivariate analyses, including covariates with P <0.05 in
the univariate analyses, age at LT >65 years (odds ratio [OR],
10.564; 95% confidence interval [CI], 2.107-52.969; P = 0.004), CMV
infection in the year before Dp (OR, 5.566; 95% CI 1.676-18.486;
P = 0.005), steroid pulse therapy in the 2 years before Dp (OR,
5.420; 95% (I, 1.717-17.106; P = 0.004), HCC recurrence in the 3
years before Dp (OR, 16.900; 95% CI, 3.247-87.956; P = 0.001), and
average lymphocyte count <750 cells/mm? in the 180 days before
Dp (OR, 3.888; 95% CI, 1.230-12.288; P = 0.021) were indepen-
dently associated with PCP (Table 4).

Discussion

With universal PCP prophylaxis recommended for SOT recipi-
ents in the current guidelines [3], late-onset PCP after the postpro-
phylaxis period has become an area of interest, highlighting the
necessity for more focused interventions. This case-control study
aimed to investigate the risk factors for late-onset PCP in 27 LT
recipients who developed the condition to identify the characteris-
tics of recipients at higher risk of PCP and enable more individu-
alized prophylaxis. We identified age >65 years at LT, CMV infec-
tion, steroid pulse therapy, lymphocytopenia (average count <750
cells/mm?3 over 6 months), and HCC recurrence as significant inde-
pendent predictors of late-onset PCP after LT. This study also an-
alyzed these factors based on specific look-back windows, which
identified the high-risk period for each factor, providing useful in-
formation to guide the duration of prophylaxis.

The incidence of PCP was found to be 6.36 cases/1000 patient-
years during the 4247 patient-years of follow-up, with no break-
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Table 3
Oncologic and biologic features associated with PCP infection after LT.
PCP-positive (n = 27) PCP-negative (n=108) P-value
Hepatocellular carcinoma at LT, n (%) 16 (59.3) 58 (53.7) 0.669
Hepatocellular carcinoma recurrence during 3 years before Dp, n (%) 7 (25.9) 4 (3.7) 0.001
Average cell count during 180 days before Dp (cells/mm?)
White blood cells 6918 (4652-9151) 5928 (4835-6862) 0.099
Neutrophils 4961 (3463-6200) 4239 (2834-5552) 0.204
Monocytes 357.3 (280.0-546.6) 417.1 (325.5-546.0) 0.551
Lymphocytes 600.0 (373.9-820.0) 1011.7 (734.1-1320.1) <0.001
Patients with average lymphocyte count <750 cells/mm? during 180 days before Dp, n (%) 19 (70.4) 30 (27.8) <0.001
Average laboratory values during 180 days before Dp
Aspartate aminotransferase (IU/1) 32.1 (20.0-79.3) 23.0 (19.2-30.0) 0.021
Alanine aminotransferase (IU/1) 31.8 (20.1-55.7) 20.1 (13.5-32.2) 0.007
Total bilirubin (mg/dl) 0.89 (0.63-1.15) 0.82 (0.63-1.15) 0.367
Creatinine (mg/dl) 1.09 (0.69-1.64) 0.98 (0.81-1.14) 0.274
International normalized ratio 0.99 (0.91-1.21) 0.97 (0.92 -1.01) 0.436

Data are median (interquartile), unless otherwise indicated.

Dp, date of PCP diagnosis in the case group and date of chest imaging without pneumonia or negative PCP PCR test in the control group; LT, liver transplantation; PCP,

Pneumocystis jirovecii pneumonia.

Table 4
Multivariate analysis of risk factors for developing late-onset PCP after LT.
Adjusted odds ratio 95% confidence interval P-value

Age at LT >65 years 13.305 2.507-70.618 0.002
Cytomegalovirus infection during 1 year before Dp 5.390 1.602-18.132 0.006
Steroid pulse therapy during 2 years before Dp 6.564 1.984-21.719 0.002
Hepatocellular carcinoma recurrence during 3 years before Dp 18.180 3.420-96.636 0.001
Average lymphocyte count <750 cells/ymm? during 180 days before Dp 3.758 1.176-12.013 0.026

Dp, date of PCP diagnosis in the case group and date of chest imaging without pneumonia or negative PCP PCR test in the control group; LT, liver transplantation; PCP,

Pneumocystis jirovecii pneumonia.

through infections during the PCP prophylaxis. Unlike previous re-
ports of higher incidence between 12 and 24 months after trans-
plantation in kidney transplant recipients [1,4,12], PCP in LT recipi-
ents increased steadily at a rate of approximately 2.2 cases per year
after 6 months post-LT. In our study of only LT recipients, the post-
transplant duration itself was not a risk factor; PCP occurrence was
influenced by the presence of other identified risk factors. Despite
prophylaxis, PCP remained a lethal disease in our cohort, with a
mortality rate of 37% (Supplementary Table 1).

As reported in previous studies [1,4,12], our analyses revealed
age as an independent risk factor for PCP, with a threshold of 65
years at LT. Consistent with previous findings, CMV infection was
also identified as a significant risk factor for PCP [1,2,4,5,13-15]. In
both groups, most CMV serologic combinations were D+/R+, indi-
cating that the detected CMV infections were likely due to CMV re-
activation or superinfection with donor-transmitted CMV. Particu-
larly in CMV-seropositive recipients with pre-existing CMV-specific
immunity, CMV infection may reflect impaired CMV-specific im-
munity resulting from a high degree of immunosuppression. Al-
though lymphocytopenia and the resulting depletion of CMV-
specific T cells increase the likelihood of CMV infection [16], our
study identified lymphocytopenia and CMV infection as indepen-
dent risk factors for PCP. This suggests that the immunomodula-
tory effects of CMV contribute to the development of PCP, similar
to the previously reported association between CMV and oppor-
tunistic infections [17,18].

Although the percentage of patients with CMV infection was
higher in the PCP group throughout the LT Dp period, it is note-
worthy that this association was most obvious in the year before
Dp, with 40.7% of patients with PCP having a CMV infection dur-
ing that period. Iriart et al. also identified CMV infection in the
preceding year as an independent risk factor for PCP in SOT re-
cipients, with 51.5% of PCP patients having a CMV infection dur-
ing that period [4]. Considering that current guidelines recommend
prolonged PCP prophylaxis for patients with chronic CMV infection
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[3], our study indirectly suggests that patients with CMV infection
may have an increased risk of PCP for at least 1 year after the in-
fection, highlighting the need for clinicians to reinitiate PCP pro-
phylaxis during the treatment and follow-up of CMV infection.
Previous studies have reported graft rejection [2,5,8,14,15] and
steroid pulse therapies [12] as potential risk factors for PCP af-
ter SOT, primarily in kidney transplant recipients. Our study also
found an association between these factors and PCP; although, only
steroid pulse therapy was identified as an independent risk fac-
tor in the multivariate analyses. Notably, we included all instances
of steroid pulse therapy, including those given for suspected rejec-
tion that was later ruled out. In LT recipients, steroid pulse therapy
may be initiated before or without biopsy confirmation of rejection
due to the risk of bleeding from depressed liver function. The lat-
ter cases were found only in the PCP group, which may explain
why steroid pulse therapy was a more important risk factor than
rejection episodes or allograft dysfunction itself. This finding sug-
gests that PCP prophylaxis should be used in LT recipients when-
ever steroid pulse therapy is administered, irrespective of rejec-
tion diagnosis. Our analyses also revealed that the risk of PCP from
steroid pulse therapy can persist as long as 2 years, derived by the
multivariate analyses including look-back periods up to 5 years.
We found lymphocytopenia to be an independent risk fac-
tor for PCP, as reported in several previous studies [4,6,12,19].
Corticosteroid-induced immunosuppression is known to cause de-
pletion of pulmonary T helper cells, which is a mechanism un-
derlying the development of PCP [20]. Moreover, global depletion
of clusters of differentiation (CD)4+ and CD8+ T lymphocytes in
the years before PCP diagnosis has been observed in kidney trans-
plant recipients [12]. To eliminate the effects of PCP infection on
lymphocyte counts, we evaluated the average blood cell counts
in the 180 days before PCP rather than at Dp. The average total
blood lymphocyte count in the 180 days preceding PCP was 600
cellsy/mm? in the PCP group, which is consistent with the finding
of 615 cells/mm?3 in the 50 days before PCP reported by Iriat et al.
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[4]. These results indicate that lymphocyte counts can be a predic-
tive marker of PCP and used to guide the selection of higher risk
patients who require reinitiation of PCP prophylaxis.

That high-dose steroid therapy and lymphocytopenia contribute
to late-onset PCP may also explain the emerging reports of PCP
arising in patients with COVID-19. In accordance with the findings
in this study, extended glucocorticoid courses used to treat COVID-
19 and severe COVID-19-related lymphocytopenia have been sug-
gested as factors that increase susceptibility to PCP after COVID-
19 infection [21]. Although there were no preceding or combined
COVID-19 infections in this study because only six PCP cases oc-
curred during the pandemic, severe COVID-19 infection should also
be taken into account as a condition for PCP prophylaxis in the
context of immunomodulation during the treatment course.

In our study, everolimus use and higher trough level at Dp were
associated with late-onset PCP, although not significantly in multi-
variate analysis. Recent studies reported mTORi administration as
a risk factor for PCP after SOT [12,22]. Everolimus has mostly re-
placed mycophenolate mofetil in our institution’s maintenance im-
munosuppressant combination therapy for preventing HCC recur-
rence after HCC-related LT [11,23]. Because HCC recurrence was a
strong risk factor for PCP in the final multivariate analyses, the ef-
fects of everolimus may have been attenuated. Further investiga-
tion is needed to explore the association between mTORi and PCP,
given the widespread use of mTOR:i in LT recipients with HCC.

This is the first study to focus on the malignant status of post-
LT recipients in the context of PCP development. LT recipients dif-
fer from other SOT recipients in that >30% of LT recipients have
cancer. Currently, approximately 30% of LT recipients in the United
States have HCC [24], and nearly 50% have HCC in Asian countries,
mostly arising from chronic hepatitis B virus infection. Although LT
is considered the best treatment for localized HCC, recurrence oc-
curs in 6-18% of recipients [25]. In our study, 16 (59.3%) of our 27
patients with PCP had HCC at the time of LT, and seven (43.8%) of
these 16 patients experienced HCC recurrence in the 3 years before
PCP diagnosis.

After HCC-related LT, treatments for HCC recurrence (e.g., radio-
therapy, chemotherapy) can also have systemic immune effects. Al-
though radiotherapy can upregulate the immune response against
tumor, it can also lead to depletion of CD4*+ T cells [26,27], which
increases susceptibility to opportunistic infections. In a previous
study of PCP in patients with solid tumors and lymphomas, ra-
diotherapy preceded the development of PCP in 22 (85%) patients
[28]. In another study of patients with solid tumors, 10 (71%) of
14 patients with PCP who did not receive prolonged moderate-to-
high corticosteroids were noted to have undergone chemotherapy
within 90 days before PCP diagnosis [29]. Recent guidelines rec-
ommend lifelong PCP prophylaxis for patients with solid tumors
receiving persistent immunosuppression [30]. Confounded by im-
munosuppressant use and treatments for recurrence, LT recipients
with HCC recurrence are at high-risk for PCP development, which
should be considered an indication for reinitiating TMP/SMX. In
multivariate analyses including HCC recurrence with various look-
back periods up to 5 years, the 3-year period remained as the in-
dependent risk factor, suggesting that PCP prophylaxis should be
reinitiated for at least 3 years after HCC recurrence.

This study has limitations that warrant consideration. One is its
retrospective, case-control design, which was necessary due to the
rarity of PCP in LT recipients, similar to most studies on PCP af-
ter SOT. Next, all PCP cases in this study were probable PCP, not
proven PCP based on the European Organization for Research and
Treatment of Cancer and the Mycoses Study Group Education and
Research Consortium definition. Immunofluorescent staining has
not been conducted in our center for PCP diagnosis, and conven-
tional microscopy was performed in cytologic specimens for only
six of 27 PCP cases (bronchoalveolar lavage in five and sputum in
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one). In these cases, Pneumocystis was not detected, probably due
to suboptimal sensitivity of conventional microscopy. Routine cyto-
logic studies and adaption of immunofluorescent staining, as well
as quantitative PCR, would enable more accurate diagnosis in the
future studies. Finally, despite identifying the risk factors for PCP
in LT recipients, the rarity of the condition and the low number of
patients number ultimately prevented us from establishing com-
posite criteria for PCP prophylaxis based on patient stratification
according to the combination(s) of the identified risk factors.

Nevertheless, this study had several strengths. This study in-
cluded the highest number of PCP cases in an LT recipient cohort
that received the same 6-12 months of PCP prophylaxis [1,2,4,6-9].
The homogeneity of our cohort was also refined by including only
LT recipients. Furthermore, we checked all radiologic and labora-
tory data (CXR, chest CT, PCP PCR) available near the Dp to select
controls without pneumonia, and the designation of four controls
for each case improved the statistical power.

In conclusion, PCP is a life-threatening complication that can
occur even after routine PCP prophylaxis in LT recipients. Tar-
geted prophylaxis, considering the risk factors identified in this
study, could help guide more effective prevention of this poten-
tially lethal infection in LT recipients.
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