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Malignancies after lung transplantation
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Abstract: Lung transplantation has become an efficient life-saving treatment for patients with end stage
respiratory disease. The increasing good outcome following lung transplantation may be explained by
growing experience of transplant teams and availability of potent immunosuppressive drugs. Nevertheless,
the latter carries an inherent risk for malignancy besides other common side effects such as systemic
hypertension, diabetes and renal dysfunction. Malignancies occur in a smaller proportion of patients but
explain for a large proportion of deaths following transplantation. From the first year post-transplantation
they will represent the third cause of death with an increasing incidence along post lung transplant survival.
In this chapter, we will browse the different types of malignancies arising following lung transplantation.
According to the different techniques for lung transplantation, specific types of bronchogenic carcinoma
will be described in the explanted lung, in the native lung, and in the graft. Risk factors associated to
immunosuppressive therapy, but also to occupational and environmental factors, especially smoking, will
be discussed. Eventually, we will strive at integrating recommendations for the treatment of malignancies
following lung transplantation.
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Introduction

Relying on a clinical experience of more than 30 years,
lung transplantation has become an efficient treatment
for patients with end-stage respiratory disease. Overall
median survival has reached 5.8 years regardless of the
initial respiratory disease and the type of transplantation (1).
When considering patients undergoing bilateral lung
transplantation, conditional median survival for patients
surviving the first year even has reached 9.8 years (1). These
increasingly good outcomes may be explained by growing
experience of transplant teams in long term management
of patients, and availability of potent anti-infectious and
immunosuppressive drugs.
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While unconturnable to achieve long-term survival,
immunosuppressive regimens also carry deleterious
consequences for lung transplant recipients. Systemic
hypertension arises in 80% of all patients surviving more
than 5 years to lung transplantation; renal dysfunction,
hyperlipidemia, and diabetes occur in 62%, 52%, and 34%
respectively. In comparison to the general population,
cardiovascular comorbidities are more frequent in lung
transplant recipients but represent the fourth cause of
death only (1). On the opposite, malignancies occur in a
lower proportion of patients (18% of patients reaching
5 years survival, 28.7% of patients reaching 10 years
survival) but are a stronger purveyor of mortality (1).
Malignancies (lymphoma and solid organ malignancies)
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represent the third cause of death from the first-year post-
transplant on (1). The two other main causes of death
are graft related: chronic lung allograft dysfunction and
infections. From the date of lung transplantation, the
proportion of patients dying from malignancy is growing
continuously with survival time, ranging from 3% of all
patients during the first-year post-transplant to 14.5% after
5 years of survival (1). The opposite trends in comparison
to the general population may be explained by specific risk
factors related to lung transplantation.

Immunosuppressive regimens

Immunosuppressive therapy has been a key point in the
development of lung transplantation: true survival following
lung transplantation was only achieved in the early 80s
following the discovery of cyclosporine and increasing
awareness for the need of a strong immunosuppression to
maintain the lung graft and patients’ survival (2).

So far, immunosuppressive regimen for lung
transplantation is based on a three drugs regimen using
calcineurin inhibitors, antimetabolites, and steroids. Two of
the three main types of drugs used for lung transplantation
carry a potential oncogenic effect of their own. Calcineurins
inhibitors (CNI), such as cyclosporine and tacrolimus,
inhibit DNA repair and apoptosis in damaged cells, and may
support tumor progression by this pathway (3-5). CNI also
inhibit cell adhesion, which acts in favor of cell migration
or metastatic spread (6,7). Azathioprine determines
microsatellite DNA instability in myelodysplastic
syndromes and may induce squamous cell carcinoma of the
skin (8-10). Nevertheless, there is no evidence that steroids
may enhance tumor progression. In specific situations of
lymphoma, steroids may even reduce the tumor size and
induce cell death.

On the opposite, newer drugs such as mTOR inhibitors
have theoretical anti-tumor properties, although no
clinical effect has ever been obviated in lung transplant
recipients (11-13). While mTOR inhibitors are
recommended to treat pleural Kaposi sarcoma in renal
transplant recipients, attempts to modify lung transplant
patients’ regimen with introducing mTOR after solid organ
cancer diagnosis did not affect the outcome or modify the
natural history of disease (14). Despite some experimental
evidence crediting antiproliferative properties to mTOR
inhibitors, the relatively low caseload of lung transplant
patients with solid organ cancer opposes to any clinical trial
evaluating their potential contribution to cancer treatment.
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Eventually, immunosuppression is a double-edged
sword, which does not only favor development of cancer,
but also adversely interferes with the efficacy of systemic
antineoplastic treatment. By one aspect, immunosuppression
will have deleterious consequences on the clinical state of
the patient: renal dysfunction for example jeopardizes the
possibilities for chemotherapy. Moreover, there is now
experimental evidence showing that systemic treatment
such as radiotherapy or chemotherapy are only efficient if
they are associated to a competent immune system in the
host organism. There is an effective span of time during
which the given systemic therapy has its own direct effect
on cancer. Once the administration of the therapy is
over, the competent immune system maintains the result
obtained on the tumor while relapse is observed rapidly in
immunosuppressed organisms. The immunosuppressed
state of lung transplant recipient may explain for the very
short delays of relapse following systemic treatment for
cancer (15-17).

Post-transplant lymphoproliferative disease (PTLD)

Regarding the risk for malignancies, immunosuppressive
medications used for the regimen of lung transplant
recipients will lead patients to a comparable state as HIV
infection (18). Malignancies related to viral infections,
such as Kaposi sarcomas or viral induced lymphomas, are
favored. PTLD is caused by infection with oncogenic
viruses, where the Epstein Barr virus (EBV) is the
most prominent (19). The risk for PTLD increases
with the cumulative level of immunosuppression. The
first publication in 1984 showed the relation of PTLD
with immunosuppression, but also the potential for
regression of the disease when tapering the level of
immunosuppression (20). Only a few non-EBV related
cases have been reported. The prevalence of EBV
infection is high: almost 95% of the general population
have been infected, and most often in an asymptomatic
fashion during childhood. Most patients will have
experienced EBV infection at the time they qualify for lung
transplantation. EBV has a tropism for naive B cells. In the
immunocompetent host, EBV infection will summarize as
a B cell infection turning B cells to proliferating B blasts,
but the reaction of the competent immune system will
turn them into B memory cells and let them quiet. On
the opposite, immunosuppressive therapy will hamper the
control of the immune system over infected B cells and allow
them to replicate themselves. EBV DNA load will then be
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detectable in the peripheral blood (21). In the rare event of
EBV negative patients at the time of lung transplantation,
primary EBV infection after the start of immunosuppressive
therapy is a serious threat, carrying a higher risk for
PTLD (22,23). In both scenarios, there is no validated EBV
DNA load threshold to confirm PTLD on a pathognomonic
basis (24). Confirmation of definitive diagnosis relies on
the same strategy as for any lymphoproliferative disease.
Treatment refers to usual chemotherapy protocols as per
guidelines but needs to be associated with a tapering of
immunosuppressive therapy (25). Comorbidities induced
by long-lasting immunosuppression limit the application of
chemotherapy.

Skin malignancies

Skin cancer following lung transplantation is another
oncologic complication directly related to the strength
of immunosuppression (26). Ducloux et 4/. demonstrated
a correlation between a low titre of CD4 lymphocytes
and the occurrence of skin carcinoma. Different organ
transplants require different levels of immunosuppression:
accordingly, incidence of skin carcinoma was lower in liver
recipients, and higher in hearts transplants when compared
to kidney recipients (27,28). Similarly, patients submitted to
three-drug regimens had a higher incidence of skin
malignancies than recipients submitted to two-drugs
regimens (27). According to a review of the UNOS
registry, Magruder ez 4. obviated that skin cancer had been
diagnosed in 16% out of 18,093 lung transplant recipients,
for whom a three-drug regimen is mandatory (29). In
comparison, only 7.2% of the same cohort developed any
other type of de novo malignancy. The majority of skin
lesions were squamous cell carcinomas. Co-carcinogenic
factors do add to the risk represented by immunosuppressive
drugs. These are viral infections with human papillomavirus
infections on top, excessive sun exposure, and skin type (30).

There is still a controversy regarding the use of
voriconazole; while considered effective to prevent
aspergillosis, it acts as a potent photosensitizer (31,32).
Several studies obviated a higher incidence of skin
carcinoma, especially of non-melanoma type, to the
duration of voriconazole therapy. However, McLaughlin
et al. identified confounding demographic and clinical
factors which outweigh the relation between use of
voriconazole and skin cancer to a non-significant level
in lung and heart-lung recipients (33). Male gender, sun
exposure, advanced age, history of COPD, and history of
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immune disorder were independent risk factors for non-
melanoma skin cancer after lung transplantation (33).

Age at the time of lung transplantation

In the general population, risk for cancer increases with
age. Passing the threshold of 60 years of age, the risk for
lung cancer doubles from 0.95% to 2.35% in men, and
from 0.79% to 1.75% in women (34). The probability of
developing cancer of any kind reaches 6% when patients
cross the age of 50 years and reaches 14% when crossing the
age of 60 (35). Gender related malignancies even have lower
age limits: the probability for breast cancer in women or
prostate cancer in men dramatically increases when crossing
the threshold of 40 years of age (36). In the meantime, the
proportion of lung transplant recipients older than 40 years
has increased with time to more than 40%. In addition,
improved survival by era now leads younger recipients to
cross the age landmarks. At least 30% of lung transplant
recipients will live longer than 60 years of age (1).

Occupational risk factors and lung disease

Lung disease requiring lung transplantation and lung cancer
share some common occupational and environmental risk
factors.

Smoking bistory

Smoking is a major occupational risk factor. COPD and
emphysema are the most common indications for lung
transplantation in the ISHLT registry (1). In the recording
of recipient’s characteristics, COPD/emphysema is set apart
from alpha-1 antitrypsin deficiency and represents 31%
of all lung transplants (1). COPD/emphysema occurrence
in patients is highly related to smoking history. Even in
COPD/asthma overlap syndrome (ACOS), smoking history
remains an important risk factor (37-39).

Recipient’s and/or donor’s smoking history is one
of the main risk factors for primary lung carcinoma
in lung transplant recipient. Primary lung carcinoma
has been described in the native lung after single-lung
transplantation, as well as in the allograft following single-
or bilateral lung transplantation (40). In both cases, smoking
history was identified as a risk factor. But smoking history
is also a known risk factor for other malignancies such as
bladder and urinary tract cancer, esophagus, pancreas, oral
cavity, larynx, kidney, stomach, uterine cervix and acute
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myeloid leukemia (41). Smoking history is responsible
for 30% of all cancer deaths in the United States (41).
Approximately 60% to 70% of all candidates for lung
transplantation have experienced smoking history (42,43).
Even in CF patients, some studies report up to 16% of
former smokers (43).

Occupational and environmental factors

Some other occupational or environmental risk factors are
related with the onset of lung fibrosis and possible lung
carcinoma. Asbestosis and silicosis are both interstitial lung
diseases that may lead to end-stage lung disease requiring
transplantation and are risk factors for lung cancer at the
same time. Even when not related to an environmental risk
factor, lung fibrosis and lung disease related to systemic
sclerosis may evolve to lung carcinoma based on a common
ground of molecular pathogenic pathways (44). Fibrosis and
lung interstitial disease represent the second most frequent
indication for lung transplantation. All-together, COPD
and fibrosis together represent more than 70% of all lung
transplants each year and are a category of increased risk for
lung cancer (1).

Donor risk factors

Risk for cancer brought in by the donor is due either to pre-
existing risk factors (especially risk factors for lung cancer),
or to an evolutive neoplastic disease at the time of organ
donation.

In the current context of shortage of donor lungs,
it is well admitted to accept organs from donors with a
documented exposure to risk factors such as moderate
smoking or mineral particle inhalation, provided that
donor work-up has excluded any abnormality. Lung cancer
arising in the transplanted lung is so far an exceptional
complication, concerning less than 2% of recipients (40).
The appraisal of the real risk for cancer related to donor’s
smoking is so far controversial, but might become
more obvious owing to steadily increasing survival after
transplant. However, most published events of lung cancer
after transplantation have been observed on lungs harvested
from former smokers (45,46).

Harvesting lungs from a donor with an active malignant
tumour is an exceptional event. Two situations of brain
death might be distinguished: either brain death occurs
from an inner neural cause including brain tumors, or the
brain death occurs from an outer neural cause. In the latter,
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donors with a known malignancy will be deemed unsuitable
for solid organ donation. Indeed, most often, when a
tumor is discovered during work-up or during the harvest
procedure, the latter is stopped and all transplantations
are cancelled. Only a few isolated cases of ongoing
transplantation have been reported. The reasons to proceed
with transplantation have been (1) high emergency status
of the recipient and low estimated risk for metastases to the
lung, (2) cancer which has not been identified at the time
of lung harvesting, and (3) failure of recognizing cancer at
frozen section analysis during harvest procedure (47). On
theoretical grounds, circulating tumor cells at the time of
harvest, or existing micrometastases in the donor organ
might evolve towards gross metastases in the recipient
subjected to immunosuppressive therapy (47). Considering
solid organ donors with brain tumors, there is a proved
case of a single donor with an active glioblastoma having
transmitted tumors to three separate recipients (liver,
kidney and lung) published in international literature (48).
To prevent this dreadful complication, thorough clinical
work-up before, and careful surgical examination of the
whole donor during solid organ retrieval are mandatory (49).
Some authors have proposed specific additional screening
protocols for potential donors to rule out metastases in
the harvested organs. Part of their recommendations
may be easily applied such as millimetric body CT scan
in all potential donors. But another part like performing
systematic colonoscopy in donors older than 60 years may
increase risks for donor loss (perforation) and costs (49).
Though highly relevant for potential solid organ recipients,
these recommendations still need to be validated on
prospective clinical series of donor selection (49).

In the case of brain dead donors in which brain death
is related to a brain tumor, the world health organization
(WHO) classification based on the aggressiveness of central
nervous system (CNS) tumors may help decide whether
the donor should be proposed for solid organ harvesting or
not (50). The risk of transmission is separated in 4 classes
provided the pathological nature of the CNS tumor is
known. According to the UNOS registry, low grade tumors
have a low risk of transmission (0.1% to 1%) whereas high
grade tumor (IIT or IV in the WHO classification) have a
high risk of transmission (over 10%) (50-52). Despite low
risk for grade I and II tumors (0.1% to 1%), the recipient
should always be informed before performing solid organ
transplantation (53). Despite the opportunity of accepting
donors with low grade CNS tumors, only a 50% to 60%
of patients dying from CNS tumors are accepted as solid
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organ donor representing 1% of all donors (54). This
fact may come from donors with CNS tumors for which
a recent pathologic diagnose is not available: either brain
death is inaugural from a CNS tumor and pathologic
diagnose was never made, or the donor has a medical story
of CNS tumor with ancient pathologic examination but
no details are available on the recent history of the tumor
and the possibility of evolving towards a higher-grade
tumor (53). In the setting of organ shortage, Beigee et al.
propose to search for pathology results on the CNS tumors
at the time of solid organ harvesting starting with a brain
autopsy (53). Brain autopsy in the brain-dead heart beating
donor is performed at first to send part or whole of the
tumor to pathologic examination while the solid organ
harvesting is carried out. In their publication, Beigee er al.
report a 45 to 50 minutes process for pathologic diagnose
on the CNS tumor. The short effective span of time enables
rapid decision making on whether the transplantation
process should be carried out or whether the harvested
organs should be discarded. In their publication, brain
autopsy first enabled the authors to enlarge their donor
pool with 21 solid organs that would otherwise have been
discarded facing the uncertain diagnose of the reported
CNS tumors (53). One step further, in their retrospective
review, Kashyap er al. evidenced no survival difference
between their liver transplant recipients would they be
transplanted with an organ from a CNS brain dead donor
or not, whatever the grade of the involved CNS tumor (48).
Among 42 liver transplant recipients from CNS donors,
only one experienced recurrence from the CNS tumor
but the patient eventually died from another cause (48).
Liver transplantation requires a lower immunosuppressive
regimen in comparison to lung transplantation, but in the
end, clinical evidence may plead for a more tolerant attitude
when considering CNS tumor brain dead donors. Indeed,
when considering the ability of CNS tumors for metastatic
spread, lung metastases are a rare occurrence. Less than
2% of all patients with CNS tumors present with extra-
neural metastases in the whole medical history of the CNS
tumor. Moreover, lung metastases occur in the setting of an
end stage evolutive CNS tumor with obvious clinical and

radiological signs (54,55).

Scenarios for lung cancer in lung transplant
recipients

There are at least 3 different clinical situations: (I) lung
cancer discovered on the explanted lung, (II) lung cancer in
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the native lung after single-lung transplantation, and (III)
lung cancer in the transplanted lung of either type (40).

Lung cancer discovered on the explanted lung may be
completely unexpected, but some recipients are accepted on
waiting list with an undetermined, stable and PET negative
nodule. Discovery of lung cancer on the explanted lung
naturally arises anxiety about the potential for recurrence
after transplantation. On the opposite, one might also
consider that explantation of the lung is a potentially
curative treatment of early stage cancer. The prognosis is
determined by lymph node stage. However, node staging
implicates complete node dissection, which is obviously not
performed during lung transplantation. As a consequence,
prognosis is uncertain in this category of patients.
Nevertheless, there is some evidence that prognosis
of early stage lung cancer does not differ from non-
transplanted patients. On the opposite, prognosis is poor
in patients with lymph node involvement, despite adjuvant
chemotherapy (40).

The second scenario is bronchogenic carcinoma
occurring in the native lung following single-lung
transplantation. Single-lung transplantation is indicated
for patients without chronic suppurative lung disease,
and preferentially without pulmonary hypertension.
In other words, most of the patients undergoing
single-lung transplantation suffer from either COPD
patients or fibrosis. Single-lung transplantation leaves
behind a sick lung that has been exposed to risk factors for
cancer, and smoking in particular; in addition, risk for lung
cancer increases in case of idiopathic fibrosis, regardless
of smoking history. Post-transplant immunosuppressive
therapy adds to the risk. Bronchogenic carcinoma of the
native lung is observed in 5-10 % of single-lung transplant
recipients: as such, the risk for bronchogenic carcinoma is a
6-fold higher in comparison to patients undergoing bilateral
lung transplantation (40,56)

Nevertheless, even bilateral lung transplantation
does not wave away the risk for lung cancer in the graft.
Bronchogenic carcinoma is observed in 1-2% of double
lung transplant recipients and may arise from the graft as
from the recipient himself. Spencer et 4/. demonstrated with
repeated bronchial epithelium biopsies following bronchial
suture that cells issued from the recipient bronchial
epithelium are migrating towards the donor bronchi to
form a mosaic with donor epithelial cells in up to 20% of
the epithelial surface of the graft (57). These recipient cells
may carry risk owing to previous smoking history of the
recipient. The other origin for bronchogenic carcinoma
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comes from donor cells; there is so far no evidence defining
a set-off in the quantification of smoking history. In some
rare cases, the donor or recipient origin of cancer cells has
been documented with iz siru fluorescence hybridization
assays, showing an almost even distribution.

Treatment of lung cancer after transplantation follows
the guidelines applied to any patient with lung cancer. For
early stage disease, surgery with curative intent should
be considered. However, immunosuppressive therapy
introduces a double limitation. As previously discussed,
immunosuppressive drugs limit the efficiency of adjuvant
therapies (15-17). Further, immunosuppressive drugs may
lead to specific comorbidities, which may oppose to surgery
and/or chemotherapy. Eventually, as the occurrence of
cancer following lung transplantation also increases with
duration of survival, the patient might suffer from chronic
lung allograft dysfunction at the time of cancer diagnosis
and be unfit for surgery on functional grounds.

Final recommendations

There aren’t any specific recommendations available for
malignancies following lung transplantation.

Considering the direct toxicity of immunosuppressive
regimen, but also to the potent oncologic consequences, the
equilibrium between benefits and adverse effects is critical.
According to the current state of art, lung transplant
recipients require a relatively harsh immunosuppression
relying on a three-drug regimen (antimetabolite, steroids,
and CNI). But in some practices, the regimen may be
reduced to two drugs by suppressing the antimetabolite.
Besides, use of inhibitors of mTOR during the treatment
of malignancies is still matter of debate. The question
whether mTOR inhibitors should be added to the
immunosuppressive regimen, or if they might substitute
to one of the drugs, still needs to be answered with a
dedicated trial.

Similarly, there are no recommendations whether the
patient should undergo screening programs before lung
transplantation or at the time when immunosuppression is
started (58). Several authors describing lung cancer in the
explanted lung made a retrospective review of chest CT
scans of the patients just before lung transplantation. Only
a few cases could have been diagnosed or at least suspected
before lung transplantation. In most of the cases, there were
unspecific findings suitable with infectious disease or lung
consolidation, especially in patients with fibrosis (59,60).

Once cancer has been diagnosed on the explanted lung,
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some author completed the staging with a complementary
lymph node dissection performed through mediastinoscopy
or even thoracoscopy. Adjuvant treatment was given
following the usual guidelines for lung cancer.

If cancer has declared after lung transplantation, curative
resection is the optimal choice, provided that respiratory
function allows proceeding, and that comorbidity index is
low. Obviously, prognosis is best for early stage.

Prevention of skin cancer relies on patients’ education
avoiding direct sun exposure, protecting the skin with
sunscreens and appropriate clothing. A dermatologist should
perform skin surveillance regularly for early detection
and excision of premalignant lesions (30). Treatment
should follow the usual guidelines for skin carcinoma.
In case of melanoma, immunotherapy and interferon
therapy may be applied according to the compatibility
with immunosuppressive drugs, within the framework of a
multidisciplinary team.

PTLD treatment is achieved by tapering the level of
immunosuppression, associated to classic chemotherapy
schemes. Some authors add mTOR inhibitors to reduce
other associated drugs. In the few patients without EBV
infection before transplantation, anti-viral therapy should
be discussed to prevent primo-infection as it carries an even
higher risk for PTLD.

For any other type of cancer, comprehensively speaking,
medical work up and treatment should be performed
according to the valid actual guidelines with respect to the
suspected type of cancer.
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