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Introduction

In the general population, tobacco and alcohol consump-

tion are known risk factors for oral, pharyngeal, laryngeal,

esophageal, and upper airway tumors [1–4], and there is

a synergistic effect when patients are exposed to both

tobacco and drinking, so that the risk of these tumors is

more than seven times higher in heavy drinkers and

smokers [2–5]. Tobacco smoking is the etiology of more

than 90% of lung cancer in men and approximately 50%

in women [6], and the risk of lung cancer rises with

increasing pack-year consumption, although the duration

of smoking has a greater effect than the number of ciga-

rettes [7]. There is no strong evidence to suggest an alco-

hol-lung cancer association [3] but long-term alcohol

intake can induce genetic alterations that potentiate those

of tobacco smoke [4]. Cigarette smoking is associated

with alterations in the cellular immune system which

cause a decrease in the number of natural killer cells

[8,9]. In nontransplant patients it is difficult to separate

the effects of alcohol and tobacco because heavy drinkers

tend to be heavy smokers and vice versa [1,10], and it

has been established that heavier drinking persists in

smokers after they stop smoking [11], as does heavier

smoking in drinkers after they stop drinking [12].

Initially, it was reported that the frequency of tumors

that are common in the general population, such as

carcinomas of the lung, prostate, breast, and colon and
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Summary

Tobacco and immunosuppression are risk factors for developing upper aerodi-

gestive and lung tumors after transplantation. This study comprises 701 adult

recipients who survived more than 2 months after transplant: 276 patients

underwent orthotopic liver transplantation (OLT) for alcoholic cirrhosis (AC)

and 425 for nonalcoholic disease. The aim is to analyze the incidence, clinical

characteristics, risk factors, and outcome of patients who develop lung malig-

nancies after OLT. Incidence of lung cancer was 2.1% (15 patients): 4.3% (12

patients) in the alcoholic group and 0.7% (three patients) in the nonalcoholic

group (P < 0.001). Mean time from OLT to tumor diagnosis was 86 months.

Thirteen patients were smokers; 12 patients were heavy drinkers; and 11 were

drinkers and smokers. Squamous cell carcinoma was diagnosed in nine

patients, large cell carcinoma in three, adenocarcinoma in two, and broncoal-

veolar in one. Tumor staging: 10 patients at stage IV; three at stage IIIB; and

two at stage IIB. Tumor resection was performed in one patient, and three also

received chemotherapy. Mean survival after tumor diagnosis was 5.4 months.

There is a higher risk of lung cancer in smoker patients who have undergone

OLT for AC, and have a very poor prognosis because tumors are diagnosed at

advanced stages.
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invasive carcinomas of the uterine cervix is not increased

among transplant recipients [13]. However, patients that

are evaluated for orthotopic liver transplantation (OLT)

have a history of greater tobacco use than the general

population [14], and there was a significantly greater

pack-year smoking history in the subgroup of patients

who had undergone OLT for alcoholic cirrhosis (AC)

[15,16]. Smoking and therapeutic immunosuppression

may have adverse additive effects [9], and thus the use of

immunosuppressors after OLT contributes to the devel-

opment of de novo tumors, especially in patients who

have undergone OLT for AC, and have a concomitant

long history of alcohol and tobacco consumption. In

these cases a significantly higher incidence of upper

aerodigestive and lung tumors has been demonstrated

[15,17–20]. To our knowledge, some isolated cases of

lung tumors after OLT have been reported among overall

series of de novo tumors [17,20–32], but we did not find

any specific or detailed report of this kind of tumor after

OLT, for which reason the aim of this study is to analyze

the incidence, clinical characteristics, risk factors, and the

outcome of liver transplant recipients who developed

de novo lung tumors.

Patients and methods

Patient selection

We retrospectively reviewed the clinical history of adult

recipients who had undergone OLT. Between April 1986

and July 2004, we performed 1000 OLTs on a population

of 883 patients. To analyze the true incidence of de lung

novo tumors in adult patients (range, 16–70 years) after

OLT, we excluded 103 pediatric recipients (under

16 years) and 79 adult recipients who died within

2 months post-OLT. Thus, this study comprises a sample

of 701 patients who had undergone OLT: 276 patients

(39.4%) for AC group, and 425 patients (60.6%) for

acute or chronic non-alcoholic cirrhosis (N-AC group).

The diagnosis of de novo lung tumors was confirmed by

histological examination. This study was closed in Octo-

ber 2005.

Definitions of alcohol and tobacco consumption

Alcoholic cirrhosis was defined as a daily consumption of

more than 80 g/day of alcohol over five or more years.

Smokers were defined as tobacco consumers for more

than 4 years, and were divided into five groups according

to cigarettes/day consumption: nonsmokers, minimal (<5

cigarettes/day), light (5–14 cigarettes/day), intermediate

(15–24 cigarettes/day), and heavy smokers (‡25 cigarettes/

day). Tobacco abuse was also expressed as pack-year con-

sumption.

Immunosuppression

One immunosuppressive regimen consisted of cyclosporine

A (CyA), prednisone, and azathioprine or mycophenolate

mofetil (MMF), and the other comprised tacrolimus and

prednisone. Azathioprine was usually discontinued

3 months after OLT or when leukopenia was evident. From

1996, azathioprine was substituted by MMF. Steroids were

generally withdrawn between 3 and 12 months in CyA regi-

men, and usually at 3 months in tacrolimus regimen. CyA

trough levels were maintained between 200 and 300 ng/ml

during the first month and progressively decreased to 100–

150 ng/ml during the first 6 months. Tacrolimus trough

levels were maintained between 10 and 15 ng/ml during

the first month, between 8 and 12 ng/ml until the sixth

month, and between 5 and 8 ng/ml thereafter.

Acute rejection was initially treated with 1 g of methyl-

prednisolone (MP) intravenously for 3 days, and steroid

recycling. Steroid-resistant rejection was also treated with

orthoclone OKT3 (OKT3 monoclonal antibody) or anti-

thymocyte globulin (ATG), however in the last 8 years

these antibodies have rarely been used, and have been

replaced by other therapy options such as increasing doses

of tacrolimus, or conversion from CyA to tacrolimus.

When adverse events (nephrotoxicity, hypertension, and

diabetes) related to calcineurin inhibitors (CNI) were evi-

dent, we decreased the doses of CyA or tacrolimus and

also added MMF to the immunosuppressive regimen.

Conversion from CNI to MMF monotherapy was per-

formed on long-term follow-up recipients who showed

severe adverse CNI-related effects but stable liver function.

Post-transplant follow-up

During the first 2 months after OLT, the recipients were

followed twice monthly in the outpatient clinic, and

monthly thereafter until the sixth month after transplant.

After this period, recipients were seen every 2–6 months

or at more frequent intervals in cases of complications.

Outpatient visit protocol usually included physical exam-

ination, laboratory studies (white and red cell blood

counts, hemoglobin, liver function and coagulation tests,

serum glucose, and creatinine). Other studies [chest X

ray, computed tomography (CT) scan, abdominal echo-

Doppler, oropharyngolaryngeal examination, broncosco-

py, gastroscopy, and colonoscopy] were performed where

indicated by symptoms. Recipient follow-up after OLT

ranged from 9 to 206 months. The purpose of this study

was to analyze the incidence of lung tumors, risk factors

(consumption of tobacco and alcohol, immunosuppres-

sion regimen, rate of rejection, and treatment), clinical

presentation, histologic type and staging [33], surgical

therapy, adjuvant chemotherapy, and survival.
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Statistical analysis

Data were expressed as mean ± SD. Differences between

proportions were assessed by chi-square test. The Kaplan–

Meier method was used to calculate the actuarial patient

survival curve. P < 0.05 was considered statistically signif-

icant.

Results

Incidence

A total of 109 de novo tumors were observed among 701

recipients, with an overall incidence of 15.5% : 69 tumors

(25%) in the AC group (n ¼ 276), and 40 tumors (9.4%)

in the N-AC group (n ¼ 425) (P < 0.001). Ten recipients

(1.4%) developed two tumors, and one recipient (0.14%)

developed three tumors. There were 230 smoker patients

(83.3%) in AC group and 183 (43%) in N-AC group

(P < 0.001). De novo lung tumors were detected in 15 of

these patients (2.1%): 12 patients (4.3%) in the AC group

and three patients (0.7%) in the N-AC group

(P < 0.001). Thirty-two months before lung tumor diag-

nosis, one patient was diagnosed of a de novo tonsil

tumor. There were 14 men (93.3%) and one woman

(6.7%) with a mean age at OLT of 50.8 ± 9.6 years

(range, 32–63 years). Mean time from OLT to lung tumor

diagnosis was 86 ± 43 months (range, 10–184 months),

and mean patient age at this time was 58.1 ± 8.1 years

(range, 42–72 years). Indications for OLT were as follows:

AC in 12 patients, hepatitis C cirrhosis in one patient,

hepatitis B cirrhosis in one patient, and acute liver failure

caused by hepatitis B in one patient.

Risk factors for lung tumors

Thirteen patients (86.6%) were intermediate or heavy

smokers before OLT: 25 ± 12 cigarettes/day (range, 15–

60) over 28 ± 11 years (range, 10–45 years), or had a

mean 40 ± 33 pack-year smoking history (range, 7.5–

135). One patient was minimal smoker (<5 cigarettes/day

for 15 years) and another one was no smoker. After OLT,

nine of these smoker patients (64.3%) continued smoking

five or more cigarettes/day, with a mean consumption of

6.3 ± 3.4 pack-year (range, 1.5–10), until lung tumor

diagnosis. Additionally, before OLT, 12 of these patients

(80%) were heavy drinkers (>80 g/day), and three (20%)

were light drinkers (<50 g/day of alcohol). Eleven patients

(73.3%) were both heavy drinkers and intermediate or

heavy smokers. Mean alcohol consumption was

171 ± 122 g/day (range, 20–500 g/day), and mean dura-

tion was 20.5 ± 8.6 years (range, 6–40 years). Two

patients (13.3%) continued alcohol consumption after

OLT.

Ten patients were immunosuppressed with CyA, and

five patients with tacrolimus. One patient was converted

from CyA to tacrolimus because of acute rejection, and

another was changed from CyA to MMF monotherapy

because of nephrotoxicity. Acute rejection before tumor

diagnosis was histologically diagnosed in seven recipients

(46.6%): five patients presented one episode that was

treated with 1 g of MP for 3 days, and two patients

recorded two episodes and received an overall dose of 6 g

of MP. One of these patients also received 5 mg/day of

OKT3 for 13 days because of steroid-resistant rejection.

Clinical presentation of lung tumors

Fourteen recipients (93.3%) showed one or more symp-

toms: dyspnea in seven recipients, cough in six, chest pain

in two, pleural effusion in two, respiratory insufficiency

in two, hemoptysis in one, and headache in one (brain

metastasis).

Histology and staging

Histologic subtypes were: nine squamous cell carcinomas

(SCCs) (seven in heavy drinkers and smokers, five inter-

mediate, and two heavy smokers of AC group; and two

in intermediate smokers in the N-AC group); three large

cell carcinomas (two in intermediate and one in heavy

smokers in the AC group); two adenocarcinomas (both

patients in the AC group: one heavy drinker and smoker,

and heavy drinker and minimal smoker), and one bron-

choalveolar tumor (nonsmoker patient in the N-AC

group). Staging of patients was as follows: 10 patients

(66.6%) in stage IV two patients (13.3%) in stage IIB,

and three patients (20%) in stage IIIB.

Treatment and patient survival

Only two patients (13.3%) underwent thoracotomy: one

patient (6.6%) with bronchoalveolar carcinoma

(T3N0M0; stage IIB) underwent resection by left lower

lobectomy, and the other patient with large cell carci-

noma (T4N0M0; stage IIIB) was unresectable, because of

mediastinal involvement. The remaining 13 patients did

not undergo exploratory thoracotomy, as they were con-

sidered inoperable for several reasons: chronic renal fail-

ure and sepsis (one patient with stage IIB), or locally

advanced tumor and/or metastatic disease (10 patients in

stage IV, and two in stage IIIB). Three patients (20%)

received chemotherapy: in one patient as adjuvant treat-

ment after lobectomy, and in two other inoperable

patients as a palliative treatment (Table 1).

These patients showed rapid progression of local or

metastatic disease, with nine recipients (60%) dying after
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2 months of tumor diagnosis. All patients have now died,

and mean survival from tumor diagnosis was

5.4 ± 2.1 months (range, 5 days–33 months). Actuarial

patient survival after tumor diagnosis is shown in Fig. 1.

Discussion

The overall incidence of lung cancer in the nontransplant

general population of a Spanish community is 21.5 cases

per 100 000 (41.6 cases in males and 4.3 cases in females)

[34]. In the transplant population there is also a clear pre-

ponderance of lung tumors in male patients, explained by

the higher rate of males undergoing OLT for AC, usually

associated to routine tobacco consumption [17,31,32], as

we have borne out in our experience (93%, males). How-

ever, the incidence of de novo lung tumors after OLT ran-

ged between 0.1% and 2.2% in several reported series

[17,20–32] (Table 2), which was similar to our incidence of

2.1%. Thus, our incidence of de novo lung tumors is 40-

fold higher than that of the general population in Spain.

The higher than 2% incidence of lung cancer, detailed in

three published series [22,29,32], and which was also our

experience, may be explained by the fact that these series

only included recipients who survived over 2 months.

Other risk factors for the development of lung cancer are:

the longer time elapsed since transplant [35]; AC as an

indication for transplant [17,20,25]; and a long history of

cigarette smoking [17,22,23,25,31,32]. Thus, all recipients

with de novo lung tumors in several small series

[22,23,25,31] have referred the antecedent of heavy smok-

ers, and this addiction or primary risk factor was also pre-

sent in at least 62.5% of patients from a longer series of

eight lung tumors [17] and in 83.3% of our series. In our

experience, one additional risk factor which contributes to

the development of lung tumor is the continuation of smo-

king after OLT.

Time elapsed from OLT to tumor diagnosis was repor-

ted as between 6 and 71 months, according to several ser-

ies [21–24,26,28,30–32] with a mean of 48 months in the

Pittsburgh series [17], and a longer mean interval of

83 months in our own experience. The mean age of our

patients at the time of lung tumor diagnosis was

57.7 years, significantly lower than a Spanish nontrans-

plant population series where lung cancer was diagnosed

at a mean age of 67 years [34].

Long-term use of CNI are associated with post-trans-

plant tumors, because of the aberrant production of

cytokines that regulate the processes which promote tumor

growth, metastasis, and angiogenesis [36], and it has been

reported that CyA and tacrolimus exert a similar influence

over the development of de novo tumors [24]. The use of

OKT3 or ATG correlates with the development of de novo

tumors [22,24], although in our experience only one of

our recipients was treated with OKT3. On the other hand,

rapamycin has recently been shown to have anticancer

effects through a mechanism which blocks angiogenesis,

and thus the beneficial use of this immunosuppressor in

recipients with de novo tumors has been suggested. MMF

may also posses some antineoplastic properties but this

effect has to be confirmed by future studies [36].

All histological lung tumor subtypes have been des-

cribed [17,24], although SCC and adenocarcinoma pre-

dominate, and are both especially frequent in smokers

[17,22–24,31,32]. Most histopathologic types in our

experience were also SSC and adenocarcinomas but we

also found three cases of large cell carcinoma.
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Figure 1 Actuarial patient survival after lung tumor diagnosis.

Table 2. Reported incidence of de novo lung tumors after OLT.

First author

(reference)

Year of

publication

No. of

recipients

Cases

(incidence, %) Alive

Levy [21] 1993 556 1 (0.2) 0

Delcambre [22] 1993 88 2 (2.2) 1

Frezza [23] 1997 1657 2 (0.1) 2

Jonas [24] 1997 458 3 (0.6) 1

Jain [17] 1998 1000 8 (0.8) 2

Kelly [25] 1998 888 2 (0.2) 1

Peyregne [26] 1998 251 1 (0.4) 0

Galve [27] 1999 1827 4 (0.2) NR

Haagsma [28] 2001 174 1 (0.6) 0

Xiol [29] 2001 137 3 (2.2) NR

Schmilovitz [30] 2003 98 1 (1.0) 0

De Perrot [31] 2003 930 3 (0.3) 1

Benlloch [20] 2004 772 8 (1.0) NR

Herrero [32] 2005 187 4 (2.1) 2

Overall 9023 43 (0.47)

Resection rate of de novo lung tumors: 11/43 ¼ 25%.
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There is little reported data on the clinical presentation

of de novo lung tumors after OLT, however as in our

experience, the most common symptoms are similar to

those of the nontransplant population; usually dyspnea,

cough, fever, hemoptysis, chest pain, pleural effusion,

pneumonia, respiratory insufficiency, weigh loss, and

headache (brain metastases), while on occasions patients

are asymptomatic and diagnosis is made as an incidental

finding in the course of a routine chest X ray or CT scan

[17,31].

Lung tumors after OLT are usually diagnosed at

advanced stages [17,24,32], as we confirmed in our series,

where 10 patients (66.6%) were classified as stage IV,

three patients (20%) as stage IIIB, and two patients

(13.3%) as stage IIB. This finding was similar to that of

De Perrot et al. [31], considering both their experience

and the literature reviewed on lung tumors after solid

organ transplants, where almost two-thirds of cases were

also diagnosed at an advanced stage. To obtain early

detection at a potentially curable stage of lung cancer, the

goal is to perform screening with CT scan every year in

recipients at higher risk, especially in older recipients,

over-immunosuppressed cases, and patients of more than

20–30 pack-year smoking history who have undergone

OLT for AC [16,31,32,37,38].

In a recent study [39] using CT screening in 28 689

asymptomatic nontransplant population with a mean age

of 61 years, and median of 30 pack-year smoking history,

were diagnosed 436 cases of nonsmall cell lung cancers:

85% with no metastases (N0M0), and 91%, 83%, 68%,

and 55% for the respective size categories of 15 mm or

smaller, 16–25 mm, 26–35 mm, and 36 mm or greater.

Then, with this approach is possible to diagnose lung

tumors at early stages with the option of surgical resec-

tion and better prognosis.

In a series of nontransplant patients, the rate of surgi-

cal resection for all types of lung tumors was 19% and

5-year overall survival was 7.9%: 2.8% for small cell can-

cer and 9.4% for large cell carcinoma [40]. According to

both reported liver transplant series [17,22,24,25] and our

experience, lung tumor resection can only be performed

at early stages (I or II) and when the patients are in good

general condition. There is little data on surgical resection

of lung tumors after OLT but al least 12 resected cases

have been reported from among 43 cases, with a resection

rate of 28% [17,22,24,25,31,32]. In our experience 13

cases (86.6%) were classified as stage IIIB or higher,

which is almost always inoperable, and only two cases

were classified as IIB stage. Surgical resection of the

tumor was only possible in one of two cases, which

underwent thoracotomy, and the remaining IIB case was

inoperable because of renal insufficiency and sepsis. Sim-

ilar results to our series were reported in two series of

lung tumors after heart transplantation [9,41]. In a review

of the literature on liver transplant recipients [17,20–32]

we found only one patient of 43 years (2.3%) that sur-

vived more than 5 years after tumor resection [17], a rate

significantly lower than in the nontransplant population.

In unresectable patients palliative chemo- and/or radio-

therapy is another option [17,24,26,30,31], however very

frequently it is not possible to perform any treatment

because of the advanced stage of tumors and the poor

condition of these patients.

In conclusion, de novo lung tumors have a very poor

prognosis, mainly because they are diagnosed in advanced

stages, are usually unresectable, and have a poor response

to chemo- and/or radiotherapy. Several prevention meas-

ures must be undertaken to decrease the incidence, such

as pretransplant cessation of alcohol and tobacco con-

sumption as early as possible, and reduction of immuno-

suppression in patients who have undergone OLT for AC.

Furthermore, early detection of the tumor by yearly

screening with CT scan should contribute to increasing

the resectability and survival of these recipients with lung

malignancies.
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