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Abstract

Objective: Pulmonary pleomorphic carcinoma (PPC) is one of the rarest subtypes of non-
small cell lung cancer (NSCLC) and is associated with a poor prognosis. Since this tumor is
known to be chemoresistant, anatomical resection is considered the primary treatment option,
especially in the early stages. Due to its rarity, the number of studies on this subject in the
literature is quite limited. In this study, we aimed to investigate the long-term postoperative
outcomes of patients operated on for PPC and the factors affecting survival.

Methods: Patients who underwent surgery for lung cancer were retrospectively reviewed.
Those with a postoperative histopathological diagnosis of PPE were included. Demographic
and clinicopathological characteristics were analyzed, and factors affecting overall survival
(OS) and disease-free survival (DFS) were investigated.

Results: A total of 25 patients who underwent surgery for PPC between 2016 and 2025
were included in the study. After excluding surgical mortality, the mean OS was calculated as
54.3+9.9 months, with a 5-year OS rate of 49.6%. Recurrence developed in 13 (52%) patients.
The mean DFS was 43.1+9.9 months, and the 5-year DFS rate was 40.9%. Surgical incision
analysis reveals the mean OS was 48.2+11.6 months and the 5-year OS rate was 43.8% in
patients who underwent thoracotomy. These values were 77.6+12.9 months and 80% in pa-
tients who underwent VATS, respectively (p=0.048). A statistically significant relationship was
found between stage and survival (p=0.042). Although not reaching statistical significance, the
presence of spread-through air spaces (STAS), perineural invasion, and vascular invasion was
associated with poorer prognosis.

Conclusions: In our study, the prognostic factors that had a statistically significant effect on
survival in PPC were the use of minimally invasive surgery and the stage of the disease. Inva-
sion-related parameters such as STAS, perineural invasion, and vascular invasion were also
found to negatively affect survival, although they did not reach statistical significance.
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can originate from any part of the body,
it most commonly arises from the respira-

Introduction

. ) tory system. Histopathologically, it must
ulmonary pleomorphic carcinoma
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(PPC) is an extremely rare subtype
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monary pleomorphic carcinoma is classified as a subtype
of sarcomatoid carcinoma of the lung.”

PPC ha been repoted to have a tendency to metastasize
early and is associated with a poor prognosis.®! PPC is
most commonly seen in smoker males. The tumor dia-
mater is usually large at the time of diagnosis."!

PPC hasbeen reported to have a tendency for early metas-
tasis and is associated with poor prognosis.””! It is most
commonly seen in male smokers, and the tumor size is
usually large at the time of diagnosis."! The prognosis of
PPC is worse than that of non-small cell lung carcinoma
(NSCLQ). Since PPC is known to be chemoresistant, the
primary treatment in the early stages is surgical resec-
tion. In localized and early-stage disease, anatomical re-
section is considered the treatment of choice. Although
systemic therapies may be considered in metastatic dis-
ease, these tumors have been reported to show high re-
sistance to platinum-based chemotherapy.® While some
authors recommend adjuvant treatment even in early-
stage disease following surgery, it has also been empha-
sized that the role of systemic therapy in PPC requires
further investigation.l”]

Since PPC is a very rare subtype of non-small cell lung
cancer, the number of studies in the literature on this
tumor type is limited, and most of these studies consist
of case reports. The aim of this study was to investigate
the surgical outcomes and the factors affecting survival
in patients who underwent surgery for lung cancer and
were diagnosed with pleomorphic carcinoma on final
pathological examination during 10 year period.

Materials and Methods

Patients

Patients who underwent surgery for lung cancer in
our clinic were retrospectively reviewed. Among these
patients, those whose final postoperative pathology re-
port revealed pleomorphic carcinoma were included
in the study. Patients who did not undergo surgery for
curative treatment and those with insufficient medical
records were excluded. This study was approved by the
Ethics Committee our Hospital with the approval num-
ber 2026/010.99/27/13 (Date: 29.04.2026) and was con-
ducted in accordance with the principles of the Declara-
tion of Helsinki. Informed consent was obtained from all
participants.
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Data Collection

The demographic characteristics of the patients included
in the study, the surgical treatment performed, inva-
sion parameters, maximum standardized uptake value
(SUVmax) on positron emission tomography /computed
tomography (PET/CT), administration of adjuvant
therapy, stages according to the 9th TNM classification
system, overall survival (OS), and disease-free survival
(DFS) were evaluated. Lesions located in the inner half of
the lung parenchyma were classified as central, whereas
those located in the outer half were classified as periph-
eral. OS and DFS were defined as the time from surgery
to death or recurrence, respectively.

Preoperative Period

All patients scheduled for lung cancer surgery under-
went preoperative thoracic CT and PET/CT evaluation.
Surgical treatment was recommended for patients who
had no evidence of mediastinal lymph node or distant
metastasis on PET/CT but were suspected of having
malignancy in the pulmonary lesion itself. In such cases,
wedge resection lesion was initially performed, and
anatomical resection was subsequently carried out if ma-
lignancy was confirmed on frozen-section examination.
In patients with central lesions or tumors larger than 3
cm, transbronchial needle biopsy or transthoracic aspi-
ration biopsy was performed as the primary diagnostic
procedure. In patients with tumors measuring 3 cm or
larger, invasive mediastinal staging was performed using
endobronchial ultrasound (EBUS) or mediastinoscopy.
Patients staged as NO-N1 underwent direct surgery. In
patients with N2a disease, surgery was planned follow-
ing neoadjuvant therapy. Surgery was not planned in
cases with multistation N2 disease. The cardiopulmonary
functions of the patients were evaluated preoperatively
by echocardiography and pulmonary function tests.

Surgical Approach

The type of anatomical resection—segmentectomy,
lobectomy, bilobectomy, or pneumonectomy—was de-
termined according to tumor location and size. RO resec-
tion was achieved in all patients included in the study.
Video-assisted thoracoscopic surgery (VATS) was pre-
ferred for small, peripheral tumors, whereas thoraco-
tomy was performed for central and large tumors. In
cases with chest wall invasion, en bloc chest wall resec-
tion was performed. For accurate staging, mediastinal
lymph node dissection was performed during the same
surgical session as the anatomical resection.
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Postoperative Follow-up years. Patients with tumors larger than 4 cm or those
Patients who underwent anatomical resection due to with metastases in mediastinal or hilar lymph nodes
PPC were followed up with thoracic CT every 6 months were consulted with the medical oncology department
for the first 2 years and annually for the subsequent 3 for adjuvant therapy. Some of these patients either de-

Table 1. Demographics of the patients, surgical approach, invasion parameters and staging.

Gender Mediastinal Staging

Male 22 (88%) Not performed 10 (40%)

Female 3 (12%) Performed 15 (60%)
Preoperative Biopsy STAS

Malignant 11 (44%) Negative 19 (76%)

Pleomorphic Carcinoma 1 (4%) Positive 6 (24%)

AdC 3 (12%) Pleural invasion

SqCC 1(4%) PLO 15 (60%)

Non-diagnostic 6 (24%) PL1 2 (8%)

Not performed 3 (12%) PL 2 4 (16%)
Definitive diagnosis PL 3 4 (16%)

Pleomorphic Carcinoma 9 (36%) Vascular invasion

with AdC component 11 (44%) No 20 (80%)

with SqCC component 5 (20%) Yes 5 (20%)
Symptoms Perineural invasion

Incidental 4 (16%) No 21 (84%)

Chronic cough 4 (16%) Yes 4 (16%)

Chest pain 5 (20%) Lymphatic Invasion

Hemoptisis 1 (4%) No 7 (28%)

Fatigue 1 (4%) Yes 6 (24%)

Shortness of breath 10 (40%) Not investigated 12 (48%)
Surgery T Status

Trisegmentectomy 1 (4%) T1b 1 (4%)

RUL 12 (48%) Tic 4 (16%)

RLL 5 (20%) T2a 6 (24%)

LUL 3 (12%) T3 7 (28%)

LLL 2 (8%) T4 7 (28%)

Upper bilobectomy 1 (4%) N Status

Left Pneumonectomy 1 (4%) NO 15 (60%)
Incision N1 7 (28%)

VATS 6 (24%) N2a 3 (12%)

Thoracotomy 18 (72%) Stage

Conversion 1 (4%) IA 4 (16%)
Neoadjuvant Treatment B 4 (16%)

No 12 (48%) 2A 1 (4%)

Yes 13 (52%) 2B 3 (12%)
Location 3A 13 (52%)

Peripheral 18 (76%)

Central 7 (28%)

AdC: Adenocarcinoma, LLL: Left lower lobectomy, LUL: Left upper lobectomy, PL: pleural invasion, RLL: Right lower lobectomy, RML: Right
middle lobectomy, RUL: Right upper lobectomy, , SqCC: Squamous cell carcinoma, STAS: Spread through air spaces, VATS: Video-assisted
thoracoscopic surgery.
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clined adjuvant treatment or were unable to tolerate its
oncological side effects. Patients with an indication for
adjuvant therapy were followed with thoracic CT every
3 months for the first 2 years after completion of treat-
ment and every 6 months during the subsequent 3 years.
In cases where recurrence or metastasis was suspected
on thoracic CT, further evaluation was performed with
PET/CT. When necessary, repeat biopsy was performed
to confirm recurrence or metastatic disease.

Statistical Analysis

Categorical variables were presented as frequencies and
percentages. Continuous variables were expressed as
mean + standard deviation and compared using the Stu-
dent’s t-test. OS and DFS were estimated using the Ka-
plan—Meier method, with statistical differences assessed
by the log-rank test. Survival analyses are carried out af-
ter excluding operative mortality. A p-value of less than
0.05 was considered statistically significant. All statistical
analyses were carried out using SPSS version 26.0 (IBM
Corporation, Armonk, NY, USA).

Results

Between January 2016 and December 2025, a total of
1,066 patients underwent anatomical resection for lung
cancer at our hospital. Among these patients, 25 (2.34%)
were diagnosed with PPC based on the postoperative
pathological report.

Table 2. Recurrence sites of patients included in the study

Recurrence Site

Bone 5 (20%)
Locoregional 4 (16%)
Brain 2 (8%)
Adrenal 2 (8%)
Total 13 (52%)

Table 3. The effects of STAS on clinicopathological factors and survival

The demographic characteristics of the patients, surgical
approach, invasion parameters, and stage distrubition
are presented in Table 1.

The mean age of the patients was 63.4+8.5 years. The
mean tumor size was 54.3+23.6 mm. The mean SUVmax
uptake on PET/CT was calculated as 15.317.7.

Three patients (12%) died within the first 3 months after
surgery and were classified as surgical mortality. During
the study period, mortality occurred in 14 patients (56%).
The mean OS of the study population was 47.949.4
months, and the 5-year OS rate was 43.6%. After exclud-
ing surgical mortality, the mean OS was 54.3+9.9 months,
and the 5-year OS rate was 49.6%. Recurrence developed
in 13 patients (52%). The sites of recurrence and metasta-
sis are presented in Table 2. The mean DFS was 43.1+9.9
months, and the 5-year DFS rate was 40.9%.

En bloc chest wall resection was performed in 5 patients
(20%) in addition to anatomical lung resection. Sleeve re-
section was performed in 2 patients (8%) due to tumor
location. Two patients (8%) underwent surgical treat-
ment following neoadjuvant therapy.

The effects of STAS on clinicopathological factors and
survival are presented in Table 3.

The impact of perineural invasion and vascular invasion
on OS and DFS is shown in Table 4.

In patients who underwent thoracotomy, the mean sur-
vival was 48.2+11.6 months, and the 5-year OS rate was
43.8%. These values were 77.6+12.9 months and 80%,
respectively, in patients who underwent VATS. One pa-
tient who required conversion was lost in the 5th post-
operative month. The difference between the groups was
statistically significant (p=0.048) (Fig. 1). The mean DFS
was 43.8+12.4 months in patients who underwent VATS
and 42.1+12.4 months in patients who underwent tho-

STAS (+) STAS (-) p value

Tumor size (mm) 53.0+27.8 54.7+23.0 0.518
SUVMax 14.9+9.3 15.6+7.4 0.504
Mean OS (months) 40.5+17.6 58.7+11.4

5-year OS 33.3% 56.3% 0.485
Mean DFS (months) 25.8+14.1 50.1+11.8

5-year DFS 16.7% 52.5% 0.352
Southern Clinics of Istanbul Eurasia - Volume 37, Issue 3, October 2026 289
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Table 4. The effects of perineural invasion and vascular invasion on OS and DFS. DFS: Disease-free survival, OS: Overall survival

Mean OS (months) 5-year OS Mean DFS (months) 5-year DFS
Perineural invasion (+) 12.5+5.4 25.0% 11.0+5.8 25.0%
Perineural invasion (-) 59.6+10.9 55.0% 46.9+11.0 44.4%

p value 0.209 0.348
Vascular invasion (+) 53.8+23.6 50.0% 53.0+24.0 25.0%
Vascular invasion (-) 53.3+10.8 49.4% 38.9+10.4 38.3%

p value 0.970 0.570

racotomy, with 5-year DFS rates of 53.3% and 38.2%, re-
spectively (p=0.305).

OS analysis based on stage reveals the mean OS was
83.3+14.3 months in stage I, 72.0+16.5 months in stage I,
and 31.1+11.7 months in stage III disease. The 5-year OS
rates were 83.3%, 21.7%, and 12.5%, respectively. The dif-
ference between the groups was statistically significant
(p=0.042) (Fig. 2). Stage — DFS analysis reveals the mean
DFS was 56.6+15.9 months in stage I disease, 23.0+12.9

months in stage II disease, and 37.6 months in stage III
disease. The 5-year DFS rates were 62.5%, 25.0%, and
33.3%, respectively (p=0.563).

Discussion

PPC is an extremely rare subtype of NSCLC. When the
available literature is reviewed, it is evident that the
number of patients included in these studies is low, and a
significant proportion of the publications consist of case

Figure 1. Survival plot of the patients based on surgical invision
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Figure 2. Survival plot of the patients based on stage of the disease.

reports. Therefore, although surgical treatment is consid-
ered the primary approach in PPC management, there is
no clearly established consensus on an optimal treatment
modality. In addition, due to these limitations, prognostic
factors affecting survival in these tumors have not been
clearly defined. In our study, we evaluated 25 patients
with pleomorphic carcinoma who underwent surgery in
our clinic over the past 10 years.

In literature, survival in PPC has been reported to be vari-
able. In a study in which the majority of the study pop-
ulation was inoperable, the 5-year OS was reported as
23%." In another study evaluating 17 surgically treated
patients, the 3-year and 5-year OS rates were 45.3% and
27.2%, respectively, and the 5-year DFS was reported as
51.0%.° In our study, both OS and DFS values were found
to be consistent with the literature; however, the OS out-
comes were slightly better, which we attribute to close
postoperative follow-up. In addition, when survival data
from both our study and other published reports on PPC
are considered, PPC appears to be associated with poorer
survival compared to NSCLC.!!

First described by Kadota et al.”) in 2015, STAS is defined
as tumor cell clusters or single tumor cells within air spa-
ces beyond the main tumor border. In 2021, the WHO
recognized STAS as an invasion pattern and a prognostic
factor for adenocarcinomas. In studies on pleomorphic
carcinoma, the negative prognostic impact of STAS has
also been demonstrated. In a study by Sikora and Lang-
fort, STAS was reported to be a poor prognostic factor
for both OS and DFS." In a similar study, STAS was ob-
served in 40% of cases and was shown to be associated
with both frequent recurrence and poor prognosis.'
In our study, consistent with these findings, STAS was
associated with poorer OS and DFS; however, this asso-
ciation did not reach statistical significance. In addition
to its effect on survival outcomes, we also evaluated the
relationship between STAS, SUVmax, and tumor size,
and did not find STAS to be a determining factor for
SUVmax or tumor size. Beyond STAS, perineural inva-
sion and vascular invasion have also been shown to be
associated with poor prognosis in NSCLC.['*4 Similarly,
in our study, we observed that perineural invasion and
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vascular invasion were associated with poorer progno-
sis, although without statistical significance.

PPC has been reported to more frequently present with
upper lobe and peripheral localization.!” For this rea-
son, it may be suitable for minimally invasive surgical
approaches. In meta-analyses comparing VATS and
thoracotomy, VATS has been shown to be non-inferior
to thoracotomy in terms of DFS and OS."*”) However,
a literature review revealed no study comparing VATS
and thoracotomy specifically in PPC. In our study, we
found that OS was significantly better in patients who
underwent VATS. We believe this may be due to the fact
that VATS is more commonly applicable in smaller, pe-
ripheral, and earlier-stage tumors. Because PPC tends
to show both peripheral growth and a high potential for
rapid invasion, chest wall invasion is frequently encoun-
tered in these tumors. However, when diagnosed before
chest wall invasion occurs, favorable outcomes can be
achieved with minimally invasive surgical techniques.

One of the most important prognostic factors in lung
cancer is the stage of the disease. This effect appears to
be even more pronounced in PPC. The main reason for
this is that the most effective treatment modality for this
tumor type is surgery, as it shows resistance to oncolog-
ical therapies. In our study, tumor stage was identified
as a statistically significant prognostic factor affecting
survival.

Our study has several limitations. One of them is its ret-
rospective design. However, since patient records in our
department are maintained in a meticulous manner, the
study data were readily accessible. The second limitation
is the small sample size. Since PPC is a very rare tumor
type, the number of cases in our series is limited, and
similarly, studies in the literature on this topic are also
characterized by small sample sizes.

Conclusion

PPC is a subtype with a poorer prognosis compared
to NSCLC in general. In our study, minimally invasive
surgery and disease stage were found to be prognostic
factors that had a statistically significant impact on sur-
vival in PPC. In addition, invasion parameters such as
STAS, perineural invasion, and vascular invasion were
also observed to affect survival, although they did not
reach statistical significance.
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