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Background: Lung cancer following lung transplantation (L'T) may require thoracic surgery (TS). There is
an urgent need for data on surgical feasibility, clinical and surgical characteristics, as well as outcome data.
Methods: We reviewed the medical records of LT patients who had undergone TS at the University
Hospital Leipzig between the years 2000 and 2022. Data on medical and surgical history, pulmonary function
test, arterial blood gas analysis, six-minute walking distance test, and surgical approach, perioperative
management, anesthesiologic, and surgical procedures were analyzed.

Results: Among 248 LT patients, 13 patients (5.2%) developed lung cancer after 4.2 years on average and
on 6 of them (46.2%), major TS procedure was performed for the resection of lung cancer. In one patient
who underwent TS for a suspicious pulmonary nodule, it turned out to be a parenchymal scar. TS was
carried out in 57.1% on the native lung and 42.9% on the transplant lung. Pneumonia and acute renal failure
were predominantly observed postoperative complications. We found that the capacity of gas exchange either
before or after TS was related to the degree of postoperative complications. The in-hospital survival was
71.4%.

Conclusions: Incidence of lung cancer is increased after L'T. Follow-up care allows early diagnosis with
a comparably high share of operable tumor stage. Cancer as well as postoperative complications were more
likely after single lung transplantation (SLT). Postoperative morbidity and mortality are higher in this scarce

group of patients and hence, warrants a centered and experienced interdisciplinary approach.
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Introduction

Lung transplantation (LT) is commonly performed
for the indications of end stage lung diseases. Chronic
obstructive pulmonary disease (COPD), idiopathic
interstitial pneumonia, and cystic fibrosis (CF) cover over
70% of LT indications (1). The type of transplantation
principally comprises single lung (SLT), double bilateral
lung (BLT), and heart-lung transplantation (HLT). Type
of transplantation depends on the organ donor offer, the
donor and recipient size matching and other comorbidities.
SLT is owed to the paucity of organ donor offer.

Thoracic surgery (TS) embodies the entirety of
diagnostic and therapeutic interventions performed by
surgeons on the thoracic cavity. Major T'S typically includes
anatomic resections such as segmentectomies, lobectomies
or pneumonectomies. Following LT, certain pathologies
will come up that may require surgical intervention on the

Highlight box

Key findings

* Lung cancer is the prevalent indication for major thoracic surgery
(TS) following lung transplantation (LT).

* Oncological intended TS is feasible following LT but carries a
higher risk for postoperative complications.

¢ Bilateral T (BLT) is associated with a lower risk for lung cancer and
postoperative complications when T'S is necessary following LT.

What is known and what is new?

* Solid organ transplant recipients have a 3- to 4-fold increased
risk to develop a malignancy in years thereafter. The rise of
malignancy and infections is certainly predisposed by the chronic
immunosuppression following I’T. Existing data report that minor
TS is feasible and safe following LT

*  We report that oncological intended major TS was feasible but
was associated with a higher risk for postoperative complications.
Notwithstanding the predicament of organ paucity, our data
underline the existing knowledge of the superiority of BLT over
single L’T.

What is the implication, and what should change now?

® Multdisciplinary team should be aware of the increased risk for
pneumonia and renal failure and a centered approach should be
preferred whenever possible.

e Selection of donor organs is safe recognizing the small risk
of cancer development in transplanted organs even during
immunosuppression.

* Balancing the considerable postoperative complications observed
(pneumonia, acute renal failure requiring dialysis, postoperative
survival) and the potential benefits of TS in the context of lung
cancer and breathing efficiency, our data encourage to expand the
experience in the field of TS following LT.
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transplanted or the native lung.

Solid organ transplant recipients have a 3- to 4-fold
increased risk to develop a malignancy in years thereafter (2).
The rise of malignancy and infections is certainly predisposed
by the chronic immunosuppression following LT. In
addition, following SLT, hyperinflation of the remaining
emphysematous lung can compress the contralateral allograft.

Over the past 30 years, a growing body of literature
describing the experience of T'S performed on LT patients
illustrates the need of data on surgical feasibility, clinical and
surgical characteristics [e.g., thoracotomy vs. video-assisted
thoracoscopic surgery (VATS)] as well as outcome data. It
has already been shown that TS is feasible and useful in
the workup of suspicious pathologies of the transplanted
or remaining native lung (3,4). Since T'S in L'T" patients is,
nevertheless, still a rare procedure, there are predominantly
single case reports or, at best, case series found in the
literature.

The aim of this study was to critically evaluate our
experience with TS in LT patients focusing on oncological-
intended TS, the influence of TS on respiratory
characteristics and surgery related complications. We
present this article in accordance with the STROBE
reporting checklist (available at https://jtd.amegroups.com/
article/view/10.21037/jtd-23-1669/rc).

Methods
Study design and subject collection

For this retrospective, single-center, observational study,
electronic medical records of all LT patients at our center
who had undergone TS between the years 2000 and 2022
were reviewed through the hospital’s clinical database
(Figure 1). TS was defined as any surgical intervention
that opened the thoracic cavity via open thoracotomy or
VATS. LT patients were included in the final analysis whose
TS procedures were directly related to the evaluation or
treatment of thoracic tumor. The median follow-up via in-
house outpatient transplant clinic time was 350 days [range,
11 to 2,976 days (approximately 8 years)].

"To compare the outcome of L'T" patients who underwent
TS for lung cancer with lung cancer patients without LT,
survival indices were collected from a matched retrospective
cohort stemming from the same TS department which
performed TS for lung cancer in I'T" patients. The matching
comprised tumor stage and tumor histology. Survival was
defined as the time between diagnosis of lung cancer and

death.
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Systematic search
for LT patients undergoing TS due to thoracic tumor at
University Hospital Leipzig between 2000-2022

\

248 LT patients

> 234 LT patients without TS

Y

14 LT patients with TS

A

13 LT patients who
developed lung cancer

7 LT patients with
lung cancer who have [«

4 single cases of TS following LT

¢ 1 CF patient with primary pneumothorax
on the side of the transplant lung

¢ 1 IPF patient with traumatic transplant
lung injury due to displaced rib fracture

e 2 patients with recurrent symptomatic
non-malignant exsudative pleural
effusion on the lung transplant side

3 LT patients who underwent LVRS after
SLT due to emphysema in the native lung

Y

not undergone TS

7 LT patients, who underwent TS due to
thoracic tumor

1 LT patient who underwent TS for the
evaluation of suspicious pulmonary nodule,
that turned out to be non-malignant

Y

Y

- 6 LT patients, with lung cancer who
underwent TS

Figure 1 Flow chart of systematic search for patients who underwent TS following LT. LT, lung transplantation; TS, thoracic surgery; CFE,

cystic fibrosis; IPF idiopathic pulmonary fibrosis; LVRS, lung volume reduction surgery; SLT, single L'T.

Clinical assessment

We collected patient’s data on medical and surgical history
including the time between L'T" and TS, the comorbidities,
and present medication (e.g., immunosuppressive therapy).
LT patients were regularly followed up through the LT
outpatient clinic—usually every 3 months. LT patients
underwent pulmonary function tests (PFT) including
spirometry and body plethysmography, arterial blood gas
(ABG) analysis, and exercise capacity tests such as six-
minute walking distance (6MWD) test at every follow
up visit; in particular before and after TS. The last
measurement of PFT, ABG and 6MWD before TS and
the first after TS were included in the analysis. The range
and severity of comorbidities were classified and quantified
according to the age-modified Charlson comorbidity
index (5). The study was conducted in accordance with the

© Journal of Thoracic Disease. All rights reserved.

Declaration of Helsinki (as revised in 2013). The study
was approved by the local ethics committee at the Medical
Faculty, University of Leipzig IRB00001750, AZ 264/19-ek
and AZ 259/18-¢ek). All participants consented to the usage
of their personal data for research purposes by signing the
hospital’s admission agreement.

Surgical procedures

TS was performed in the operating room under general
anesthesia and comprised thoracotomy, according to clinical
indication based on multidisciplinary team discussion (6).
Data on preoperative management, anesthesiologic
and surgical procedures including operative time and
surgical techniques, and postoperative management were

collected. All anatomic resections to resect lung cancer
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comprised systematic mediastinal lymphadenectomy for the
establishment of a complete pathological TNM. Particular
attention was paid to postoperative characteristics including
duration of invasive ventilation, time of chest tube removal,
surgical intensive care unit (SICU) and hospital length of stay
as well as complications. Postoperative complications were
assessed according to the Clavien-Dindo classification (7).

Pathological and oncologic assessment

Thoracic specimens collected by means of TS comprising
the lung, pleura, pleural effusion, or lymph nodes
underwent routine procedures of pathologic analysis. The
local department of pathology performed histopathologic
evaluation of the surgical specimen collected during TS. In
case of confirmed thoracic tumor diagnosis, tumor cells were
characterized, and tumor stage was established according
to the 5th edition of the World Health Organization
classification (8), the 8th edition of TNM classification of
malignant tumors (9).

We added to the result section survival rates from our
local lung cancer center stemming from an in-hospital
lung cancer registry. We extracted lung cancer patient’s
demographics, pathologic tumor stage, histology, and
survival (1-year survival rate and median overall survival).

Statistical analysis

Data were compiled and arranged according to the
clinical groups. Descriptive statistics were used to describe
characteristics and outcome parameters of LT patients.
Continuous variables are expressed as mean or median with
range (minimum to maximum), as indicated. Differences
between clinical data that derived from two time points
of one LT patient were assessed by paired ¢-test or
Wilcoxon matched pairs signed rank test, depending on
data distribution. Categorical variables are shown as counts
and proportions (i.e., percentages). Statistically significant
difference was accepted at a level of a two-sided P<0.05. Data
management including compilation, analysis, and preparation
of figures was conducted using the software package
GraphPad Prism (v9.0.2 for macOS, La Jolla, CA, USA).

Results
Clinical characteristics of LT patients who underwent TS

Between the years 2000 and 2022, 248 patients (93 women,
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37.5%) underwent LT, of whom 166 patients (66.9%)
received BLT, 74 patients (29.8%) SLT, and 8 patients
(3.2%) HLT. Among them, 14 (5.6%) patients (3 women,
21.4%) underwent T'S for different indications (Figure I): 7
(2.8%) LT patients (1 woman, 14.3%) received TS for the
evaluation or treatment of lung cancer, while in 6 of them
lung cancer diagnosis was confirmed. In 7 other cases, TS
was unrelated to the evaluation of thoracic tumor disease:
spontaneous pneumothorax on the side of the transplant
lung in 1 patient with CF, traumatic transplant lung injury
due to displaced rib fracture (n=1), recurrent symptomatic
exudative pleural effusion on the side of the transplant lung
(n=2), as well as lung volume reduction surgery (LVRS)
due to progressive emphysema of the native lung that
compressed the allograft (n=3).

Among the 248 LT patients, 13 LT patients (5.2%) have
developed lung cancer after 4.2 years on average (range,
0.4 to 8.3 years), during the observation period. TS was
performed in curative intent in 46.2% (6/13) of all lung
cancer patients. In the remaining 7 I'T" patients, lung cancer
was already advanced or metastasized qualifying primarily
for systemic therapy.

Table 1 and Figure 2 summarize the cohort’s clinical
characteristics. Only 14.3% of LT’ patients who underwent
TS was female (1/7) whereas almost two thirds was female
in the entire LT cohort (155/248, 62.5%). Five (71.4%)
patients received ST and 2 (28.6%) BLT. LT procedures
in patients with COPD (3/7, 42.9%) included 1 SLT and 2
BLT. All patients with idiopathic pulmonary fibrosis (IPF)
received SLT' (4/7, 57.1%). In all SLT cases who underwent
TS for the evaluation of lung cancer, surgical procedure was
performed on the native lung.

The median age at the time of L'T" and T'S was 56.6 and
64.0 years, respectively, leading to a median time difference
of 5.7 years (range, 1.5 to 9.3 years).

Immunosuppressive therapy following LT consisted of
prednisolone and mycophenolate, together with tacrolimus
(57.1%), or with ciclosporin (42.9%). For the perioperative
management of TS, mycophenolate was discontinued until
wound healing was completed. Prednisolone and tacrolimus
or ciclosporine were continued perioperatively. Following
the diagnosis of lung cancer in L'I" patient #2, the inhibitor
of mechanistic target of rapamycin (mTOR), everolimus,
was added to the immunosuppressive therapy. For the
other 5 LT patients, postoperative immunosuppression
remained unchanged compared to the preoperative
immunosuppression (Tuble I).

In 5/7 LT patients, bronchiolitis obliterans syndrome
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Table 1 Clinical characteristics of LT patients who underwent T'S

for lung cancer resection

Characteristic

Value

Participants
Sex, male/female
Body mass index, kg/m®
Indication for LT
COPD
SLT/BLT
IPF
SLT/BLT
Transplant procedure
SLT
BLT
Age at LT, years
Age at TS, years

Time from LT to TS (overall), years

Site of TS
Native lung
Transplant lung
Smoking status prior to LT
Never smoker
Former smoker
Pack years
Immunosuppressive therapy
Prednisolone + MMF
+ tacrolimus
+ ciclosporin
Comorbidities
Charlson comorbidity index
CLAD prior to TS
Arterial hypertension
CAD
Chronic renal failure
Hyperlipoproteinemia

Diabetes mellitus

7 (100.0)
6 (85.7)/1 (14.3)
23.3(19.7; 30.3)

3 (42.9)
1 (33.3)/2 (66.6)
4 (57.1)

4 (100.0)/0

5 (71.4)
2 (28.6)
56.6 (46.0; 66.0)
64.0 (54.0; 67.0)
5.7 (1.5; 9.3)

4(57.1)
3 (42.9)

1(14.3)

6 (85.7)
20 (5; 45)

3(42.9)

Data are shown as number with percentage or median (minimum;
maximum). LT, lung transplantation; TS, thoracic surgery following
transplantation; COPD, chronic obstructive pulmonary disease;
SLT, single LT; BLT, double LT; IPF, idiopathic pulmonary fibrosis;
MMF, mycophenolate; CLAD, chronic lung allograft dysfunction;

CAD, coronary artery disease.
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(BOS) was diagnosed prior to TS (Table I). In Table S1, we
assigned BOS to the respective LT patient and listed the
established treatment regimens (e.g., azithromycin thrice
a week, pulse corticosteroid therapy, or extracorporeal
photopheresis). Patient #2 suffered from BOS grade 3,
for which he was treated with azithromycin thrice a week,
pulse corticosteroid therapy, and regular extracorporeal
photopheresis. He deceased within the first year following
TS for lung cancer.

Surgical characteristics of LT patients

Regarding the 240 patients who underwent BLT or SLT,
oncological intended TS was performed in 1.2% (2/166)
and 5.4% (4/74) of BLT or SLT patients, respectively.
Surgical characteristics including the distribution
of surgical indications and procedures among LT
patients are summarized in Tables 2,3 and in Figure 2. All
surgical indications were approved by the institutional
multidisciplinary thoracic tumor board and with informed
consent of all patients. The surgical approach and the type
of resection critically depended on the surgical indication.
Overall, thoracotomy was performed in all cases, while
in this series VATS was never applied. Lung resection was
performed in all cases, of which 71.4% (5/7) were anatomic
and 28.6% (2/7) non-anatomic resections. Pneumonectomy
was required in 42.9% (3/7) of resections and was
exclusively performed on the native lung following SLT.

Patbologic characteristics of LT patients

Table 4 and Figure 2 summarize the oncologic characteristics
of the 7 LT patients who underwent TS for the diagnostic
or therapy of lung cancer. Among them, lung cancer
diagnosis was confirmed in 85.7% (6/7) of the cases.
In case #7 (Figure 2), a suspicious solitary pulmonary
nodule located in the transplant lung showed increased
fluorodeoxyglucose uptake by means of positron emission
tomography (PET) suggesting malignancy. The histologic
results of computed tomography (CT)-guided biopsy during
the preoperative work-up remained inconclusive. Due to
high pretest-probability for malignancy, multidisciplinary
team argues in support of surgical resection. Postoperative
histopathological examination revealed a parenchymal
scar tissue most probably due to preceding pulmonary
embolism. Unfortunately, this patient died in the aftermath
of surgery due to pneumonia and renal failure.

7 Thorac Dis 2024;16(3):1933-1946 | https://dx.doi.org/10.21037/jtd-23-1669


https://cdn.amegroups.cn/static/public/JTD-23-1669-Supplementary.pdf

1938

LT patients who underwent TS
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<4 years . 4 to <8 years . > 8 years
Native lung .Transplant lung
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Figure 2 Schematic overview of clinical and surgical characteristics, postoperative complications, and outcome parameters. Each column

represents one LT patient who underwent TS: patients #1 to #7 were evaluated for lung cancer. Each row represents a certain characteristic.

The legend of the right side of the panel defines the meaning of color and shading regarding the squares on left side. #, LT patients

identifier; L'T, lung transplantation; TS, thoracic surgery; IPE, idiopathic pulmonary fibrosis; COPD, chronic obstructive pulmonary disease;

SLT, single L'T; BLT, double L'T; SegmentX, segmentectomy; PneumoX, pneumonectomy; ADC, adenocarcinoma; SCC, squamous cell

carcinoma; SCLC, small cell lung cancer; CD, Clavien-Dindo; SICU, surgical intensive care unit; CRF, chronic renal failure without acute

deterioration; ARE, acute renal failure developed from normal renal function; ACRE, acute on chronic renal failure; RRT, renal replacement

therapy (dialysis).

Pulmonary squamous cell carcinoma (SCC) was the most
prevalent histologic type in this series, in whom we found
lung cancer (4/6, 67%). Two of them (#2 and #3) were
diagnosed in the native lung of IPF patients at pathologic
stage IIIB (pT3pN2) and IVA [pT4pN1pMI1 (pulmonary
lymphangitic carcinomatosis, PLE)], respectively, and
required pneumonectomy. The 2 cases of SCC (#4 and #5)
occurring in the transplant lung were found at pathologic
stage A3, which was removed by lingula resection, and at
stage IIB (pT3pNO), which required an S1 segmentectomy
plus S2 wedge resection. Pulmonary adenocarcinoma (ADC)
was found only in the native lung of a COPD patient (#6).

© Journal of Thoracic Disease. All rights reserved.

Pulmonary small cell lung cancer (SCLC) was found in the
native lung of an IPF patient (#1) He received neoadjuvant
platinum-based chemotherapy prior to TS.

Regarding the remaining native lung as the origin of lung
cancer, two cases of SCC and one case of SCLC developed
in the IPF lung. All three were curatively resected through
pneumonectomy. SCC located in the transplant lung of
two patients who were transplanted for COPD underwent
segmentectomy. The final pathologic stage ranged between
TA2 and IVA. Of note, 3 of 6 lung cancer patients following
LT showed postoperatively an unforeseen locally advanced
or metastasized pathologic tumor stage (IIIB to IVA). Those

7 Thorac Dis 2024;16(3):1933-1946 | https://dx.doi.org/10.21037/jtd-23-1669
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Table 2 Procedures of TS in L'T" patients Table 3 Surgical characteristics and complications
Site of TS Characteristic Value
Characteristic Total
Native lung  Transplant lung Subjects evaluated or treated for lung cancer 7 (100.0)

Indication for LT

Operative time, min

187 (59; 246)

COPD 3(42.9) 1 2 Anatomic resection 208 (149; 246)
IPF 4(57.1) 3 1 Non-anatomic resection 75 (59; 90)
Surgical approach Postoperative characteristics
Thoracotomy 7 (100.0) 4 3 Duration of invasive ventilation, days 0(0; 3)
Time fromLTto TS, 5.7 (4.6; 7.0) 5.7 (1.5;9.3) 5.7 (4.6; 7.0) Time to chest tube removal, days 5(2;7)
years On site of native lung 3(2; 6)
Type of resection On site of transplant lung 6(5;7)
Anatomic 5714 8 2 SICU length of stay, days 4(0;30)
Segmentectomy 2400 0 2 Hospital length of stay®, days 19 (10; 43)
Lobectomy 0 (0.0) 0 0 Complications
Pneumonectomy 3(60.0) 3 0 Re-intubation 1(14.3)
Non-anatomic 2(286) ! ! Re-admission to SICU 2 (28.6)
Data are shown as number, number with percentage, or median SICU dmission lenath of stav. d 3(1:5
(minimum; maximum). Percentages may not add up to 100% due re-admission fength ot stay, days (1:5)
to rounding. TS, thoracic surgery; LT, lung transplantation; COPD, Pneumonia 4 (57.1)
c.hron.ic obstructive pulmonary disease; IPF, idiopathic pulmonary Prolonged air leak (>7 days) 1(14.3)
fibrosis.
Acute renal failure 4(57.1)
Requiring RRT 3(75.0)
three cases regulre further consideration: . Anaemia requiring transfusion 2 (28.6)
Male patient #2 (55-year-old, former occasional 0 . > 086
. . rinary tract infection .
smoker) developed a SCC in the right upper lobe of the v @86
remaining native lung 9.3 years after SLT due to IPF. col 1(14.3)
Staging included PET/CT (cT3cNOcMO, stage IIB). VTE or PE 0
Everolimus was added to immunosuppressive therapy. The Wound infection 0
fibrotic lung parenchyma of the tumor bearing native lung
. . . . . Pleural empyema 0
did only contribute 5% of lung perfusion (quantitative
ventilation-perfusion scintigraphy). Pneumonectomy Revision surgery 0
was recommended. Pathologic tumor stage revealed an Clavien-Dindo classification
unforeseen mediastinal lymph node involvement leading Grade | 0
to an advanceq stage II.IB (pT3PN2cMO). TI:IC patient Grade |l 1(14.3)
was postoperatively unfit for adjuvant systemic therapy
. . . . Grade Ill 1(14.3)
(chemotherapy), which was critically discussed in the
context of immunosuppresion following L'T. Patient died at Grade IV 3429
home of unknown reasons 146 days after T'S. Grade V 2 (28.6)
Male patient #3 (67-year-old, former smoker, In-hospital survival 5 (71.4)
45 pack years) developed a centrally located SCC in the .
1-year survival 3 (42.9)

left main bronchus of the remaining native lung 1.5 years

Data are shown as number with percentage or median (minimum;
maximum). ® defined as time from surgery to discharge. SICU,
surgical intensive care unit; RRT, renal replacement therapy (dialysis);
CDI, Clostridium difficile infection with pseudomembranous colitis;
VTE, venous thromboembolism; PE, pulmonary embolism.

after SLT due to IPF. Preoperative workup including
PET/CT measured a clinical stage IIB (cT2bcN0OcMO)
and multidisciplinary team discussion suggested
pneumonectomy as procedure of choice due to tumor’s
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Table 4 Pathologic characteristics of L'T" patients following T'S

Frille et al. TS for lung cancer after LT

Characteristic Total SCC ADC SCLC Scar tissue®
Subjects 7 (100.0) 4(57.1) 1(14.3) 1(14.3) 1(14.3)
Site of TS

Native 4 (57.1) 2 (IPF) 1 (COPD) 1 (IPF) 0

Transplant 3 (42.9) 2 (COPD) 0 0 1 (IPF)
Type of resection

Pneumonectomy 3 (42.9) 2 (IPF) 0 1 0

Lobectomy 0 0 0 0 0

Segmentectomy 2 (28.6) 2 (COPD) 0 0 0

Non-anatomic 2 (28.6) 0 1 0 1
Pathologic TNM stage

IA 2 (28.6) 1 0 1 0

1B 1(14.3) 1 0 0 0

11=] 1(14.3) 1 0 0 0

IVA 2 (28.6) 1 1 0 0
Survival

In-hospital 5(71.4) 4 0 1 0

1-year 3 (42.9) 2 1 0 0

All lung resections to evaluate lung cancer were performed using thoracotomy. Data are shown as numbers with percentages. Lung
diseases for which LT was performed are shown in parenthesis. Percentages may not add up to 100% due to rounding. °, pulmonary
infarction probably due to pulmonary embolism. LT, lung transplantation; TS, thoracic surgery; SCC, squamous cell cancer; ADC,
adenocarcinoma; SCLC, small cell lung cancer; IPF, idiopathic pulmonary fibrosis; COPD, chronic obstructive pulmonary disease.

size and location. Histopathologic examination reported
a 5.5 cm large tumor mass that showed local invasion of
the mediastinum, the great venous vessels and the left
atrial wall resulting in a R1 situation. In the end, a single
metastasis of the visceral pleura was identified leading to
an unforeseen pathologic stage IVA (PLE, pT4pN1pMIa).
After sequential chemoradiotherapy, the patients remained
free of relapse until death 10 months (293 days) after TS
due to septic multiorgan failure with cytomegalovirus and
aspergillus pneumonia.

Female patient #6 (54-year-old, former smoker,
30 pack years) presented with unclear exudative hemorrhagic
pleural effusion around the native lung 8.3 years after SLT'
due to COPD. Open-surgical evaluation showed altered
visceral pleural tissue without evidence of intrapulmonary
tumor. Histopathologic analysis of a wedge resection
revealed poorly differentiated pulmonary ADC with pleural
metastasis. She died of multiorgan failure due to pneumonia
11 days after T'S.

© Journal of Thoracic Disease. All rights reserved.

Influence of TS on respivatory characteristics in LT
patients

In LT patients undergoing lung resection for lung cancer
(n=7), TS led to a reduction of the forced vital capacity
(FVC), forced expiratory volume in 1 second (FEV)),
residual volume (RV), and oxygenation index [arterial
oxygen partial pressure (PaO,)/inspiratory oxygen fraction
(FiO,)] and an increase of the arterial carbon dioxide
tension (PaCO,). However, diffusion capacity for carbon
monoxide (DLCO) and arterial oxygen saturation (Sa0,)
remained unchanged following TS (Figure 3, Table S2).
The median preoperative, postoperative, and
perioperative times between PFT, ABG and 6MWD testing
and TS were 25, 17, or 33 days, respectively. LT patients
were regularly seen in the outpatient clinic. We further
investigated the course of PFT of each study participant.
Individual respiratory characteristics of 4 LT patients
following T'S are shown in Table S1. For patients #6 and
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Figure 3 Effects of thoracic surgery on respiratory characteristics. Before-after plot of LT patients who underwent subsequent TS for
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forced vital capacity; FEV1, forced expiratory volume in 1 second; RV, residual volume; DLCO, diffusion capacity for carbon monoxide

after single breath; PaCO,, arterial carbon dioxide tension; SaQ,, arterial oxygen saturation; PaO,, arterial oxygen partial pressure; FiO,,

inspiratory oxygen fraction; L'T, lung transplantation; T'S, thoracic surgery.

#7, no postoperative PFT was available since they were
in no condition for PFT and died during the hospital stay
following T'S. Patient #2 underwent PFT once after T'S but
has not been able to show up for further clinical follow up
visits in the outpatient clinic.

For the data available, all five patients underwent PFT
within the first 3 months following TS (0.3 to 2.3 months).
The last PFT was performed for two individuals within
the first postoperative year (11.0 and 7.3 months) and
for another two individuals more than 5 years after TS
(61.9 and 73.1 months). PFT parameters of the short-
term group (#1 and 3) who underwent pneumonectomy
showed the following development: FVC: -0.19 and -0.06 L;
FEV1: -0.16 and +0.30 L; total lung capacity (TLC):
+1.3% and -4.1%; RV: -9.6% and +16.1%; and DLCO/VA
(alveolar volume): -15.6%. For those L'T" patients following
pneumonectomy, dynamic and static lung volumes showed
rather decreased relative values.

PFT parameters of the long-term group (#4 and #5)
who underwent segmentectomy showed the following
development: FVC: +0.61 and -0.26 L; FEV1: +0.56
and -0.38 L; TLC: -7.9% and -21.0%; RV: -17.3% and
-36.0%; and DLCO/VA: +14.8% and +19.5%. For those
LT patients following segmentectomy, static lung volumes
and CO diffusion seemed to improve (normalized RV, TLC,
DLCO/VA).

© Journal of Thoracic Disease. All rights reserved.

Postoperative characteristics, complications, and survival

Postoperative characteristics and surgery-related
complications following TS in LT patients are shown in
Table 3, Figures 2,4.

The median time from surgery to chest tube removal was
5 days (range, 2 to 7 days) and the median length of SICU
stay was 4 days (range, 0 to 30 days) leading to a median
length of hospital stay of 19 days (range, 10 to 43 days). TS
was carried out on the native or transplant lung in 4 and
3 cases, respectively. Prolonged air leak was observed in
14% (1/7) of TS. Re-intubation was required in 1 case (14%)
and re-admission to SICU in 2 cases (30%). No revision
surgery was required.

The Clavien-Dindo classification categorizes the
postoperative complications (7azble 3, Figures 2,4). The most
prevalent and relevant clinical postoperative complications
were pneumonia and acute renal failure (4, 57.1%,
respectively). In 3 of 4 cases (75%), pneumonia occurred in
the native lung. Renal replacement therapy (dialysis) was
required in 75% (3/4) of the LT patients following an acute
onset of renal failure, which started from a chronic renal
failure in two cases and from a normal renal function in one
case. Moreover, two patients showed a chronically reduced
glomerular filtration rate without deterioration following
the TS (reviewed in Figure 2). There were no reports on
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venous thromboembolism, pulmonary embolism, wound
infections, or pleural empyema.

To estimate the effect of transplantation on TS in
patients who were surgically treated for lung cancer, data
on survival were compared to a matched retrospective lung
cancer cohort stemming from the same thoracic surgery
department. Of 2,856 lung cancer patients, 83 lung cancer
patients matched to tumor stage (IA, IIB, IIIB and IVA) and
histopathology (SCLC, SCC, ADC) of those lung cancer
patients who had underwent prior LT (Table S3). The
1-year survival rate of LT patients who were diagnosed with
lung cancer was 50% (3/6) with a median overall survival of
17.6 months, while the 1-year survival rate in the match
register cohort was 53% (44/83) with a median overall
survival of 13.9 months. Taken together, given the limitation
of the small sample size, 1-year survival rate (50% wvs. 53%)
and median overall survival (17.6 vs. 13.9 months) between
LT cohort with lung cancer and the historical lung cancer
cohort were comparable.

Discussion

We aimed to report on our single-center experience of
oncological intended TS in the unique cohort of LT
patients over a period of 20 years. Among 248 LI’ patients,
we found lung cancer in 13 LT patients (5.2%). TS
procedure was performed in 46.2% (6/13) of all lung cancer
patients. Among all TS procedures, TS for the evaluation
or treatment of lung cancer made up the largest part (7/14).
Our results indicate that the diffusion capacity (DLCO)
and SaO, remained unchanged following TS, whereas
static and dynamic lung volumes (FEV,, FVC, RV) as well

© Journal of Thoracic Disease. All rights reserved.
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as the oxygenation index decreased. Acute renal failure
(newly onset or acute on chronic), which led in 75% into
renal replacement therapy (dialysis), and postoperative
pneumonia (57%) were the most prevalent and relevant
complications following T'S in L'T" patients.

Studies to TS in LT are scarce and of heterogenic
designs. In one retrospective cohort of 340 heart
transplantation or HLT patients, 21 cardiothoracic
procedures were carried out (6.2%), of which 6 were
TS (10): TS for lung cancer represented half of the TS
indications (n=3), while the other were pneumonia (n=2)
and lung torsion (n=1). In another heterogenic study, 10%
(45/442) of LT or HLT patients underwent TS, of which
80% were open lung biopsies and only 20% VAT (11), not
representing the questions of major thoracic surgery in LI

In our present study, 7 LT patients underwent T'S for
the evaluation or treatment of lung cancer, of which 1 case
turned out not to be lung cancer, leading to an overall
proportion of 2.4% (6/248) of all LT patients at our center.
We found a higher proportion of TS procedures for lung
cancer following SLT (5.4%) than for lung cancer following
BLT (1.8%). In line with this observation, results from a
retrospective analysis and a recent review suggested that the
prevalence of lung cancer found in the native lung following
SLT is considerably higher (approximately 2.8%; range,
0.4% to 8.9%) than the prevalence of lung cancer found in
the transplant lung (0.3% to 0.4%) (12,13). These findings
were also found in a study from Pennsylvania analyzing a
cohort of 905 patients (14). In the total LT population at
our center, we found lung cancer in 13 LT patients, while
6 of them underwent TS (46.2%). The one-year survival
rate of patients who developed lung cancer following LT] as
reported in this study, was comparable to that of lung cancer
patients without prior LT, as reported by the National
Cancer Institute (42.9% vs. 44.2%) (15). Current state of
literature indicates that I'T" prior to lung cancer diagnosis
affects overall survival in comparison to lung cancer patients
without prior LT (16). But in general, the prognosis of LT’
patients who were found to have lung cancer tends to be
rather poor ranging from 50% of LI" patients who survived
at 1 year to 25% at 5 years from time of lung cancer
diagnosis (12).

Even though TS is described in LT patients, TS was
performed on the transplant lung in 3 (42.9%) patients:
TS revealed pulmonary SCC in two cases and one suspect
nodule, which turned out to be scar tissue (probably due
to an unrecognized pulmonary embolism turned into an
organized infarct). In 4 of 7 cases presented in this study, the
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thoracic cavity had never been surgically approached before.
A surgically unapproached thorax may not involve the
same intraoperative conditions, such as pleural adhesions
compared to a re-opened thorax. In these cases, operative
approach may have been minimally invasive instead of
thoracotomy as well.

Reason for LT was equally distributed in our cohort of
oncological intended TS following I'T" (3/6 COPD, 3/6 IPF).
This is contradictory to the results of Fernindez et 4l., who
reported lung cancer following LT only in COPD patients
in a cohort of 161 LT patients (17). There is solid evidence
that interstitial lung diseases, such as IPE, increase the risk
for the development of lung cancer (18): For instance, the
10-year cumulative incidence of lung cancer in a cohort of
103 IPF patients was 55% (19), while in another cohort the
risk for lung cancer was increased 7-fold in IPF patients
compared to those without IPF (20).

Our data show a higher probability for lung cancer
development in SLT than BLT as well as a higher
complication rate for TS following SLT. It seems
reasonable to infer that the persistence of the native lung
in SLT patients still pose a variety of risk factors itself
potentially leading to a worse outcome of SLT patients:
i.e., development of malignant thoracic tumors (12) and
infections (21). Following SLT, it was generally reported
that postoperative complications in the native lung
occurred in 50% of SLT patients leading to a mortality
of 25% (21): of those complications, invasive aspergillosis
(16%), bacterial pneumonia (5%), and hemothorax
(5%) were found early after SLT (within 6 weeks from
transplant), whereas recurrent pneumothorax (21%),
progressive hyperinflation of the emphysematous native
lung with functional deterioration (11%), and pulmonary
nocardiosis (5%) came under late complications. More
precisely, bacterial or fungal native airway colonization [e.g.,
mycobacteria species (spp.), pseudomonas spp., aspergillus
spp.] acquired over the time of chronic lung disease, which
may, together with the immunosuppressive therapy, be
more likely paralleled by postoperative complications
following T'S such as pneumonia, respiratory failure, sepsis,
or organ rejection (22). To this end, immunosuppression
in SLT patients increases the risk of such postoperative
complications.

It is remarkable, that the development of cancer is rather
unlikely in transplanted organs (2/166 patients that received
BLT, 1.2%) in comparison to native lung following LT
(4/74 patients that received SLI; 5.4%). It is plausible that
the native lung remains pre-injured and hence has a higher
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risk of complications as described above. Yet beyond that,
one can subsume that selection of donor organs seems to be
trustworthy and safe facing that immunosuppression would
lead to progression of unrecognized precancerous lesions.

Postoperative complications are categorized by the
Clavien-Dindo classification (7) and were reported low
grade (grade II and III) in 50% of all TS cases. We found
that postoperative pneumonia (50%) and acute renal failure
(40%) were the most prevalent complications contributing to
a median length of SICU stay of 2 days (range, 0 to 30 days).
Complications in general following TS of L'I" patients were
reported to occur in 6% (3) to 12% (23).

Prolonged air leak (>7 days) occurred in 14% (1/7) of LT
patients, whereas others observed a rate of 16.7% (4/24) 24)
or even of 6% (3/48) (3) following minor surgical
procedures, such as open lung biopsy. Moreover, the median
time to chest tube removal was 5 days and the length of stay
in hospital averaged 19 days. Depending on the indication
for TS in LT patients (e.g., lung cancer, LVRS, pulmonary
infections, allograft rejection), the pooled median length of
hospital stay for LT patients undergoing open lung biopsy
is reportedly 15 days (n=58) (24,25) and 14 days for LT
patients undergoing LVRS (n=25) (26-28).

In the oncological intended TS cohort, postoperative
pneumonia developed in 57% (4/7), of which 75% (3/4)
were found in SLT patients, mainly in IPF patients (75%).
According to the literature, less than half of patients
who were found to have a malignancy following L'T" have
undergone surgery (29), which is why data on postoperative
outcome in lung cancer following LT is rather scarce.
In here, two LT patients undergoing TS for lung cancer
died during the hospital stay and two more within the
first postoperative year. The latter two death cases were
unrelated to the TS but were presumably due to relapse
or progression of lung cancer disease. Compared to a
historical lung cancer cohort, we found comparable survival
rate between lung cancer patients following L'T" and those
without LT, Adjuvant systemic therapy following lung
cancer surgery has to be discussed individually in the
context of immunosuppression and LT patient’s eligibility.

TS in LT patients involves postoperative complications
including redo thoracotomy and its attendant problems such
as bleeding adhesions, prolonged air leak, and prolonged
intensive care unit stay (30). However, appropriate
preoperative multidisciplinary team discussion as foreseen
for every lung cancer patients (6), strict selection of patients
eligible for 'T'S following L'l and structured postoperative
care may contribute to acceptable or improved survival rates.
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This observational study aimed to provide an overview
of a relevant surgical indication for and complications of
oncological intended TS in LT patients. Nevertheless, it
discloses certain limitations: The strength of evidence is
hampered by the limited sample size, which only allows for
cautious generation of hypotheses, given the retrospective
nature of this study.

Conclusions

We present descriptive results on TS in LT patients
covering two decades of a single-center experience. Lung
cancer was the most prevalent indication for major TS
(7/14, 50%). Balancing the considerable postoperative
complications observed (pneumonia, acute renal failure
requiring dialysis, postoperative survival) and the potential
benefits of TS in the context of lung cancer and breathing
efficiency, our data encourage to expand the experience
in the field of TS following LT. Oncological intended
TS was feasible following LT" but carries a higher risk for
postoperative complications. BLT was associated with a
lower risk for lung cancer and postoperative complications
when TS was necessary following LT Notwithstanding the
predicament of organ paucity, our data underline the existing
knowledge of the superiority of BLT over SLI. Facing the
low share of cancer developed in transplanted organs, one
can subsume that selection of donor organs was safe.
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Supplementary

Table S1 Individual respiratory characteristics following LT’

LT patients
Characteristics
#1 #2 #3 #4 #5 #6 #7
Sex M M M M M F M
Age at TS, years 63 64 67 66 57 54 64
Site of TS N N N T T N T
CLAD prior to TS Yes Yes No Yes Yes Yes No
Treatment for BOS Azithromycin Azithromycin, No Azithromycin  Azithromycin PCT No
PCT, ECP

Type of resection PneumoX PneumoX PneumoX  SegmentX SegmentX  Non-anatomic Non-anatomic
First PFT after TS

Months after TS 0.30 2.30 0.50 0.80 0.60 NA NA

FVC, L 1.27 1.32 2.69 2.33 1.86

FEV1, L 0.84 0.81 1.52 1.64 0.96

TLC, % predicted 52.00 66.50 68.80 66.00 88.60

RV, % predicted 92.20 126.20 48.60 75.40 143.30

DLCO/VA, % predicted NA 53.60 91.40 70.90 86.50
Last PFT after TS

Months after TS 11.00 NA 7.30 61.90 73.10

FVC, L 1.08 2.63 2.94 1.60

FEV1, L 0.68 1.82 2.20 0.58

TLC, % predicted 53.300 64.70 58.10 67.60

RV, % predicted 82.60 64.70 58.10 107.30

DLCO/VA, % predicted NA 75.80 85.70 106.00
Difference between last and first PFT after TS

Delta FVC, L -0.19 NA -0.06 +0.61 -0.26

Delta FEV1, L -0.16 +0.30 +0.56 -0.38

Delta TLC, % predicted +1.30 -4.10 -7.90 -21.00

Delta RV, % predicted -9.60 +16.10 -17.30 -36.00

Delta DLCO/VA, % predicted NA -15.60 +14.80 +19.50

The difference between last and first postoperative PFT is given in absolute or relative values. Patient #2 was in no condition to show up
for another visit in the outpatient clinic; #6 and #7 deceased during the hospital stay of TS. LT, lung transplantation; M, male; F, female;
N, native lung; T, transplant lung; TS, thoracic surgery; CLAD, chronic lung allograft dysfunction; BOS, bronchiolitis obliterans syndrome;
PCT, pulse corticosteroid therapy; ECP, extracorporeal photopheresis; PneumoX, pneumonectomy; SegmentX, segmentectomy; PFT,
pulmonary function test; NA, not available; FVC, forced vital capacity; FEV,, forced expiratory volume in 1 second; TLC, total lung
capacity; RV, residual volume; DLCO/VA, diffusion capacity for carbon monoxide related to alveolar volume (diffusion coefficient).
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Table S2 Median change in respiratory characteristics following I'T" (n=7)

Characteristic

Site of TS

Native lung (n=4)

Transplant lung (n=3)

Preoperative testing to TS time, days
TS - postoperative testing time, days

Perioperative testing time, days

PFT

A FVC, % predicted

A FEV,, % predicted

ATLC, % predicted

A RV, % predicted

A DLCO, % predicted

ABG analysis

A PaCO,, mmHg

A PaO,/FiO,, mmHg

A Sa0,, %

Exercise capacity

A B6MWD, m

A Borg score

-22 (-22; -20)*

-14 (-21; -13)

-13 (-14; —13)

-17 (=29; -1)

-10

7.2 (2.1;8.4)

~34 (-91; —24)°

-0.4 (-1.5;2.3)

-180
4

25 (5; 75)
17 (7; 693)
33 (22; 95)

—26 (-29; —24)
-2 (-34; -19)
-2 (-31; -18)
-29 (-41; -18)
—24 (-40; -9)
3.1(2.5;3.6)
-77 (-92; 61)

-1.6 (-1.9; -1.4)

-40

1

Data are shown as numbers or median (minimum; maximum); A, delta designates median difference between postoperative and
preoperative test results. ° Statistically significant differences between postoperative and preoperative characteristics (P<0.05). Testing
comprised assessment through PFT, ABG analysis, and 6MWD test. LT, lung transplantation; TS, thoracic surgery; PFT, pulmonary function
test; FVC, forced vital capacity; FEV,, forced expiratory volume in 1 second; TLC, total lung capacity; RV, residual volume; DLCO, diffusion
capacity for carbon monoxide; ABG, arterial blood gas; PaCO,, arterial carbon dioxide tension; PaO,, arterial oxygen tension; FiO,,
inspiratory oxygen fraction; Sa0,, arterial oxygen saturation; 6MWD, 6-minute walking distance.

Table S3 Comparison of survival of lung cancer patients with or without prior lung transplantation

With prior LT Without prior LT
1A SCLC #1 1 100 24.6 0/1 0 3.6
1A SCC #4 1 100 64.3 6/9 67 15.8
1B SCC #5 1 100 76.7 24/42 57 21.9
1B SCC #2 0 0 5.2 8/13 62 26.5
IVA SCC #3 0 0 10.5 1/3 33 5.3
IVA ADC #6 0 0 0.4 4/15 27 11.9
Total 3/6 50 17.6 44/83 53 13.9

Of 2,856 lung cancer patients, 83 lung cancer patients matched to tumor stage and histopathology of those lung cancer patients who had
underwent prior LT. LT, lung transplantation; SCLC, small cell lung cancer; SCC, squamous cell carcinoma; ADC, adenocarcinoma.
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