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Abstract

Background The risk of gastrointestinal (GI) cancer after lung transplantation (LTx) in sarcoidosis
patients is not well defined. Given the cancer risks linked to sarcoidosis and organ transplantation,
this study investigated the incidence of GI de novo malignancies (DNM), comparing LTx recipients
with sarcoidosis or idiopathic pulmonary fibrosis (IPF).

Methods We analyzed data from the United Network for Organ Sharing registry, including adults
with sarcoidosis or IPF who underwent LTx between May 2005 and December 2018. The primary
outcome was the incidence of GI DNM by March 2023.

Results Of 7996 lung transplant recipients, 108 (1.35%) developed GI malignancies post-
transplantation. Among these, 662 patients (9%) had sarcoidosis and 7334 (91%) had IPE
Sarcoidosis patients showed a non-significant trend toward a higher risk of GI malignancies
compared to those with IPF (subhazard ratio 1.72, 95% confidence interval 0.90-3.29; P=0.099),
with no observed difference in the risk of non-GI cancers.

Conclusions The overall incidence of GI DNM following LTx is low, and sarcoidosis does not
appear to increase the risk of GI cancers compared to IPE. This finding suggests that enhanced GI
cancer screening beyond standard guidelines may not be warranted in this population, allowing
for targeted surveillance of more prevalent malignancies in sarcoidosis patients post-LTx.
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Introduction

Gastrointestinal (GI) malignancies are a potential
but underrecognized risk in patients with systemic
inflammatory diseases, including sarcoidosis. Sarcoidosis,
characterized by granuloma formation, is a chronic
condition that can affect multiple organs, including the
GI tract [1]. Although pulmonary involvement is most
common, sarcoidosis can also lead to inflammation and
malignancy at upper gastrointestinal, colorectal and hepatic
sites [1]. The systemic inflammatory milieu of sarcoidosis is
thought to contribute to an increased risk of malignancies,
including GI cancers [2].

Lung transplantation (LTx) is a life-saving intervention for
patients with severe pulmonary sarcoidosis, representing 2.4%
of all LTx procedures between 1998 and 2018 [3]. However,
patients undergoing LTx are already at a heightened risk for
cancer, due to the need for prolonged immunosuppression and
potential oncogenic viral infections [4]. In sarcoidosis patients,
these post-transplantation cancer risks may be compounded
by the preexisting inflammatory state, potentially elevating the
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risk of GI malignancies beyond that seen in LTx recipients with
idiopathic pulmonary fibrosis (IPF) [5].

While previous research has examined the general cancer
risk in sarcoidosis, the specific risk of GI de novo malignancies
(DNM) post-LTx remains unclear [6]. This study aimed to
compare the incidence of these malignancies in patients
undergoing LTx for sarcoidosis vs. IPE. Understanding these
risks is crucial for developing appropriate cancer screening and
surveillance strategies in this unique patient population [7,8].

Patients and methods

Adult patients age 18 years or older, who underwent
single or double lung transplantation between May 4, 2005,
and December 31, 2018, for an indication of sarcoidosis or
IPF were identified using the United Network for Organ
Sharing (UNOS) registry, which includes data on donor and
recipient demographics, medical characteristics, organ match
information, transplant outcomes and longitudinal follow-
up, for solid organ transplants performed in the United States
of America [9]. A de-identified version of the registry was
obtained for analysis, and the use of these de-identified data
did not constitute human subjects research, as determined by
the local Institutional Review Board.

Patients undergoing multi-organ transplantation or re-
transplantation (including LTx after any previous solid organ
transplantation) were excluded. We also excluded patients with
any history of pre-transplantation malignancy, and cases with
missing data, though data regarding malignancy at the time of
listing were not available from 2015 onward. Eligible patients
were tracked until development of GI malignancy, development
of any other malignancy, graft failure, death, or censoring.
Follow-up data were available through March 24, 2023.

The primary outcome was GI DNM, defined as the earliest
date of diagnosis of new esophageal, stomach, small intestinal,
pancreatic, colorectal or primary liver cancer, as recorded in
the UNOS follow-up records. Routine post-transplantation
follow-up data collection was scheduled for 6 months and
1 year post-transplantation and annually thereafter [10].
Competing risks considered in our analysis included: (a) death;
(b) graft failure or re-transplantation; or (c) diagnosis of any
other type of malignancy.

All patients who did not experience the primary outcome
or one of the competing risks were considered to have been
censored at the time of the latest follow-up record available for
each patient.
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The primary exposure was indication for LTx (sarcoidosis
as compared to IPF). Covariates were measured at the time of
transplantation, and included patient age, sex, race and ethnicity
(White, Black, Hispanic, or none of the above); hepatitis B
virus (HBV), and hepatitis C virus (HCV) status (positive or
negative for each virus); the final calculated Lung Allocation
Score (LAS), a measure of priority for LTx and expected post-
transplantation survival; the type of transplantation (single or
bilateral LTx); and the year of transplantation.

As in a prior study [11], maintenance immunosuppression
recorded at the time of transplantation was classified based
on use of tacrolimus, cyclosporine without tacrolimus, or
neither, and use of mycophenolic acid, azathioprine without
mycophenolic acid, or neither.

Statistical analysis

Study variables were summarized using medians with
interquartile ranges (IQRs) or counts and percentages.
Patient characteristics were compared by indication for LTx
using chi-square, Fisher’s exact, or Mann-Whitney U tests,
as appropriate. The cumulative incidence function (CIF) was
used to describe the probability of developing a GI malignancy.
The subhazard ratio (SHR) of developing GI malignancy was
compared between sarcoidosis and IPF cohorts using Fine-
Gray competing risks regression, adjusting for any covariates
found to be statistically significantly different between the
groups on bivariate analysis. Analyses were performed using
Stata/SE version 18.0, and P<0.05 was considered statistically
significant.

Results

We identified 9408 patients undergoing LTx for sarcoidosis
or IPF during the study period, of whom we excluded
25 secondary to undergoing multiorgan transplantation, 73 for
undergoing re-transplantation, 801 diagnosed with malignancy
pre-transplantation, 29 diagnosed with malignancy post-
transplantation but missing data on the date of diagnosis, and
484 missing data on study covariates for HBV and HCV status.

The final sample included 7996 patients (median age
62 years, 72% male, 8% undergoing LTx for sarcoidosis), of
whom 108 (1%) developed GI malignancy. The most common
competing risk events in the sample included death (43%),
development of any non-GI malignancy (27%), and graft
failure (1%).

The CIF of each study endpoint is shown in Fig. 1, and
patient characteristics are compared between the sarcoidosis
and IPF groups in Table 1. Sarcoidosis patients were younger
than IPF patients, and more likely to be female or black. The
sarcoidosis group also had a lower final LAS and were more
likely to receive a double lung transplant. Most subjects from
both groups were administered tacrolimus. Variations in
the application of other maintenance immunosuppressive
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Figure 1 Cumulative incidence plot of gastrointestinal (GI) de novo
malignancy and competing risk events after lung transplantation for
sarcoidosis or idiopathic pulmonary fibrosis

Table 1 Comparison of patient characteristics by indication for lung
transplant

Variable IPF (N=7334) Sarcoidosis P-value
(N=662)
Median (IQR) Median
or N (%) (IQR) or N
(%)
Age (years) 63 (57 67) 54 (48, 60) <0.001
Sex <0.001
Male 5390 (73%) 340 (51%)
Female 1944 (27%) 322 (49%)
Race/ethnicity <0.001
White 5936 (81%) 209 (32%)
Black 464 (6%) 422 (64%)
Hispanic 694 (9%) 15 (2%)
None of the above 240 (3%) 16 (2%)
Recipient HBV 88 (1%) 8 (1%) 0.985
Recipient HCV 108 (1%) 10 (2%) 0.938
Final LAS 45 (39 61) 41 (37, 52) <0.001

Transplantation type

Double lung 4112 (56%) 562 (85%)
Single lung 3222 (44%) 100 (15%)

Year of 2013 (2010 2012 (2009, 0.040

transplantation 2016) 2016)

Maintenance 0.368

immunosuppression
Tacrolimus 6678 (91%) 596 (90%)
Cyclosporin 333 (5%) 29 (4%)
Other 323 (4%) 37 (6%)

Cell-cycle inhibitor 0.012
Mycophenolic acid 5660 (77%) 479 (72%)
Azathioprine 1180 (16%) 123 (19%)

Other 494 (7%) 60 (9%)

GI, gastrointestinal; HBV, hepatitis B virus; HCV; hepatitis C virus; IPE,
idiopathic pulmonary fibrosis; IQR, interquartile range; LAS, lung allocation
score
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regimens were not statistically significant. However, IPF
patients were more likely to be treated with mycophenolic
acid, while patients with sarcoidosis were more likely to receive
azathioprine.

On multivariate analysis, LTx for sarcoidosis conferred
a SHR of 1.72 for GI malignancy, though not statistically
significant (P=0.099, 95% confidence interval [CI] 0.90-3.29).
For non-GI malignancy, sarcoidosis patients had a SHR of 1.04,
also not statistically significant (P=0.747, 95%CI 0.84-1.28)
(Table 2).

The timing of transplantation was the only factor associated
with GI malignancy, with a notable decrease in subhazard
ratio observed as the follow-up period approached, indicating
that the risk of GI malignancy decreased over time after
transplantation. Factors including female sex, non-White
ethnicity, closer proximity of LTx to the follow-up period, a
higher final LAS at follow up, and the use of antimetabolites—
particularly mycophenolic acid or azathioprine—instead of
alternative cell cycle inhibitor therapies, were associated with
a lower subhazard ratio for non-GI malignancy. Advanced age
was associated with a slightly higher subhazard ratio for non-
GI malignancy.

Discussion

This study investigated the incidence of GI malignancy in
patients who underwent LTx for an indication of sarcoidosis,
compared to patients with an indication of IPE Cancer
risk in LTx recipients is 4-fold higher than in the general
population [12], and LTx is specifically associated with an
elevated risk of GI malignancy [13]. The GI tract is rich
in mucosa-associated lymphoid tissue, which is a hub for
immune activity. This dense concentration of lymphoid tissue
increases the risk of gastrointestinal carcinogenesis in patients
with sarcoidosis, because of the inflammatory response’s
predilection for lymphoid tissue and lymph nodes [14,15].
Although LTx and sarcoidosis were found to be independent
risk factors for GI malignancy in prior studies, our findings
suggest that sarcoidosis as an indication for LTx does not
appear to confer a further risk of GI cancer.

The life expectancy of patients with sarcoidosis who are
LTx recipients is similar to that of patients who have other
indications, their median survival being roughly 5.8 years [16].
However, itisimportant to note that, in our study, LTx recipients
were more likely to die from other causes than to develop GI
malignancy, with a cumulative incidence of approximately 1%
for GI malignancy at 6 years post-transplantation, and a 10%
cumulative incidence of non-GI malignancy at 2 years post LTx
(Fig. 1). Post-transplantation malignancy is the second most
common long-term cause of death after LTx, with mortality
estimates as high as 15.6% [17]. Screening LTx recipients for
cancer is crucial, so as to optimize patient outcomes and the
use of scarce donor organs [18]. Moreover, the occurrence of
post-transplantation de novo malignancy incurs substantial
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Table 2 Multivariate competing-risks regression of gastrointestinal (GI) and non-GI malignancy after lung transplantation

Variable GI malignancy Non-GI malignancy
SHR 95%CI P-value SHR 95%CI P-value
Indication for LTx

IPF Ref. Ref.

Sarcoidosis 1.72 0.90-3.29 0.099 1.04 0.84-1.28 0.747
Age (years) 1.01 0.99-1.04 0.362 1.02 1.01-1.02 <0.001
Sex

Male Ref. Ref.

Female 0.95 0.61-1.45 0.797 0.65 0.59-0.73 <0.001
Race/ethnicity

White Ref. Ref.

Black 0.90 0.45-1.80 0.766 0.25 0.19-0.32 <0.001

Hispanic 1.11 0.57-2.17 0.757 0.42 0.34-0.51 <0.001

None of the above 1.22 0.45-3.35 0.695 0.39 0.27-0.54 <0.001
Final LAS/10 1.03 0.93-1.15 0.538 0.97 0.95-0.99 0.028
Transplantation type

Double lung Ref. Ref.

Single lung 0.81 0.53-1.24 0.330 1.02 0.93-1.11 0.702
Year of transplantation 0.94 0.88-0.99 0.011 0.96 0.95-0.97 <0.001
Cell-cycle inhibitor

Mycophenolic acid Ref. Ref.

Azathioprine 1.36 0.87-2.13 0.179 1.01 0.91-1.13 0.806

Other 0.78 0.33-1.85 0.569 0.59 0.48-0.72 <0.001

CI, confidence interval; GI, gastrointestinal; IPE, idiopathic pulmonary fibrosis; LAS, lung allocation score; LTx, lung transplantation; Ref., reference; SHR,

subhazard ratio

healthcare costs, driven by a surge in outpatient visits and
procedural expenses [19], underscoring the importance of
proactive measures to mitigate this risk.

Sarcoid patients with extra-thoracic involvement are at
higher risk of malignancy compared to patients without extra-
thoracic disease [20]. Extrapulmonary involvement often
contraindicates LTx, and the discovery of extrapulmonary or
mediastinal lymph node disease during surgery may result in
the termination of the lung transplantation procedure [21]. The
exclusion of sarcoidosis patients with extrapulmonary disease
from transplantation waitlisting may have masked a possible
association between sarcoidosis and GI DNM after LTx in our
study. Additionally, our study’s exclusion of patients who had
a history of cancer before their transplantation may have led
to an underestimation of the cancer risk in our analysis. LTx
recipients with a previous cancer diagnosis are over 3 times
more likely to develop post-transplantation malignancy [22],
and patients with sarcoidosis are particularly likely to have
been diagnosed with cancer before their LTx. However, our
findings did not show a significantly greater GI malignancy
risk for sarcoidosis patients compared to those with IPF, despite
these considerations.

The comparison of malignancy outcomes in sarcoidosis
patients undergoing LTx with an IPF cohort was another
limitation. Although there is no perfect comparator, IPF was
selected as it is the most common disease leading to lung
transplantation [3]. While smoking is a risk factor for both
IPF and malignancy, its direct causal relationship with IPF

is not as clear, as it is with chronic obstructive pulmonary
disease (COPD) [23,24], making IPF a more appropriate
comparator than COPD for this study. Additionally, cystic
fibrosis (CF) was not considered because of its specific link
to gastrointestinal cancers [25], and the much younger ages
at which LTx is usually performed for CF as compared to
IPE. Other limitations of our study include the exclusion of
cases with missing data, multi-organ transplantation or re-
transplantation, potentially omitting cases where the risk of GI
DNM was higher overall, or more sensitive to risks associated
with sarcoidosis.

Given the procedural risks associated with GI cancer
screening and its relatively low incidence among LTx
recipients, our results do not suggest the need for further
screening in this patient group, beyond existing population-
level guidelines. This finding is crucial, because it implies that
the routine implementation of additional GI cancer screening
protocols for LTx recipients may not be necessary and could
expose patients to unnecessary risks and complications.
Instead, prioritizing surveillance for more prevalent
malignancies, such as skin cancers, lymphomas, and non-GI
solid tumors, which have a higher incidence in LTx recipients,
may optimize resource utilization and improve outcomes
within these patients’ expected lifespans. By focusing on the
most common and impactful health risks, healthcare providers
can better allocate resources and enhance the overall care of
LTx recipients.
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Summary Box

What is already known:

o Gastrointestinal (GI) malignancies are a potential
but underrecognized risk in patients with systemic
inflammatory diseases such as sarcoidosis

o Sarcoidosis is associated with an increased
risk of GI cancers, possibly due to its systemic
inflammatory environment

o Lung transplantation (LTx) increases cancer risk
as a result of prolonged immunosuppression,
particularly in patients with preexisting
inflammatory conditions

o The specific risk of developing de novo GI
malignancies after LTx in sarcoidosis patients,
compared to those with idiopathic pulmonary
fibrosis (IPF), remains unclear

What the new findings are:

o This study found a 1.72-fold greater subhazard
ratio for GI malignancies in sarcoidosis patients
post-LTx compared to IPF patients, although this
was not statistically significant

o Therisk of GImalignancies appears to decrease over
time following LTx, emphasizing the importance
of early post-transplantation surveillance

o Certain demographic and clinical factors, such
as the timing of transplantation and the choice of
immunosuppressive therapy, influence the risk of
GI malignancies in this population

o The findings suggest a need for specialized cancer
screening strategies tailored to sarcoidosis patients
following LTx
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