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Abstract. The present study reports two cases of lung cancer with 
the involvement of the pleura. The diagnosis of adenocarcinoma 
with epidermal growth factor receptor (EGFR) mutation was 
made following repeated thoracentesis with cytology of pleural 
fluid and thoracoscopy with pleural biopsies. Talc pleurodesis 
was successfully performed in both cases subsequent to diag-
nosis. Following talc pleurodesis, the first patient (62 years old; 
male; non‑smoker) underwent 3 cycles of cisplatin/vinorelbine 
chemotherapy, with a poor response. Concurrently, due to 
the presence of an EGFR mutation, treatment with gefitinib 
was initiated, with the patient achieving a good response for 
~12 months. The residual tumor was treated with stereotactic 
radiotherapy and the patient continued gefitinib treatment. The 
patient is presently in good health, has not exhibited any signs of 
relapse and is continuing gefitinib treatment without side effects. 
The second patient (53 years old; male ex‑smoker) underwent 
treatment with gefitinib subsequent to talc pleurodesis for a total 
of 15 months. In addition, radiotherapy (60 Gy) on the residual 
lesion was performed. Subsequently, second‑line therapy with 
cisplatin/premetrexed was prescribed and followed by mainte-
nance treatment with premetrexed. Three years after diagnosis, 
the patient did not exhibit any signs of recurrence. These two 
cases highlight the difficulty in treating advanced stage lung 
cancer, despite the presence of EGFR mutation. Each lung cancer 
is different and requires the physician to possess a wide range of 
knowledge of the therapeutic options available, in addition to 
careful monitoring in order to adjust the treatment over time. 
A multidisciplinary approach, involving surgeons, radiation 
oncologists, pulmonologists and oncologists, is required to opti-
mize the survival and quality of life of patients with lung cancer.

Introduction

Lung cancer is the primary cause of cancer-associated 
mortality (1,2) and may be classified as non‑small cell lung 
cancer (NSCLC) or small cell lung cancer. NSCLC accounts 
for ~85% of all lung cancer cases, of which two-thirds are 
diagnosed as advanced disease that is not susceptible to 
therapy and confers a poor prognosis (1). Chemotherapy based 
on platinum‑containing doublets appears to have reached a 
therapeutic plateau in lung cancer, with median survival times 
on those receiving this therapy approaching 12 months (2). 
The development of more effective first‑line therapies remains 
a challenge (2-4).

The results of previous randomized studies suggest that 
patients with advanced NSCLC with EGFR mutations have 
a significantly improved progression-free survival (PFS) 
when treated with EGFR tyrosine kinase inhibitors (TKIs) 
alone, compared with standard chemotherapy. Conversely, 
in wild‑type EGFR patients, EGFR TKIs treatment was less 
effective when administered alone compared with chemo-
therapy (5-11). In patients with lung cancer with metastatic 
disease of the pleura, pleurodesis with talc has been utilized 
as an integrated treatment option to inhibit the drainage 
of pleural fluid and preserve lung function, improving the 
patient's quality of life (12-15).

Radiotherapy is approved for the treatment of stage IIIA 
and B lung cancer [as described by the American Joint 
Committee on Cancer staging system, eighth edition (16)], 
and for stage IV lung cancer in certain cases (1). Radical 
radiotherapy for patients with NSCLC can be curative for the 
minority of patients with early stage disease (17). In addition, 
when treatment is not curative palliative radiotherapy can be 
used to aid in pain relief (17,18).

The present study reports two cases of stage IV NCLC, 
which highlight that a timely and integrated multidisciplinary 
treatment strategy, including stereotactic radiotherapy and talc 
pleurodesis, may lead to improved patient survival and quality 
of life.

Case report

Patient 1. A male 69‑year‑old non‑smoker was admitted to 
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the Division of Pulmonology at St. Andrew's Hospital (Rome, 
Italy) complaining of exertional dyspnea, a cough and chest 
pain, in September 2012. The patient had a family history 
of cancer and the primary comorbidity was arterial hyper-
tension. Following a chest X-ray, high resolution computed 
tomography (CT) of the thorax was performed (Fig. 1). This 
revealed a large pleural effusion with pulmonary atelectasis 
and multiple lymphadenopathies of the mediastinum. The 
patient subsequently underwent three thoracentesis proce-
dures, with a cytological assessment of adenocarcinoma cells 
positive for transcription termination factor 1 (TTF1), carcino-
embryonic antigen and cytokeratin‑7 (CK7), and negative for 
tumor protein p63. CT scans demonstrated a re‑expansion of 
the lung and a lesion in the left lower lobe following enhance-
ment with contrast medium injection (Fig. 2A). Bronchoscopy 
with transbronchial biopsies confirmed the diagnosis of lung 
adenocarcinoma. Spirometry investigations of lung function 
identified no significant flow limitation, with forced expiratory 
volume in 1 sec and forced vital capacity measurements at 
>80% of the predicted level. Hemogasanalysis reported a pH 
of 7.38, partial pressure (Pa) of CO2 of 40 mmHg and PaO2 of 
80 mmHg. A bone scan with radiolabeled technetium high-
lighted an increased uptake of the compound in the seventh 
left rib as a metastasis. The patient underwent thoracoscopy 
and talc pleurodesis (using talc poudrage) in order to maintain 
integrity of lung function and prevent further thoracentesis. 
CT confirmed the success of the surgery and the pleural biop-
sies taken confirmed the metastatic spread of the tumor to the 
pleura. Chemotherapy was initiated; each cycle was 21 days. 
Chemotherapy included a cisplatin dose of 70 mg/m2 on days 1 
and 21 for 1 cycle, gemcitabine 1,000 mg/m2 on days 1, 8 and 
21 for 8 cycles, and bevacizumab 7.5 mg/kg on days 1 and 21 
for 4 cycles, resulting in a partial tumor response (Fig. 2B). 
Additionally, polymerase chain reaction screening of the 
pleural biopsies identified a deletion of exon 19 of the EGFR 
gene. Consequently, therapy with gefitinib (250 mg/day) was 
initiated, with a good response for 10 months; however, a 
further positron emission tomography (PET)/CT scan identi-
fied a residual lesion through fluorodeoxyglucose (18F-FDG) 
uptake. Stereotactic radiotherapy with a total dose of 45 Gy 
divided into 3 fractions was performed on the residual lesion 
over 3 days. A subsequent PET/CT scan revealed residual 
inflammation and reduced metabolic activity, with a standard-
ized uptake value <3 (Fig. 3). The patient was alive 4 years 
following diagnosis, exhibited good health and continued 
gefitinib maintenance with a dose of 250 mg a day, now on the 
40th cycle of treatment.

Patient 2. A 52‑year‑old male ex‑smoker with a history of 
20 packs/year was admitted to St. Andrew's Hospital in 
October 2013, complaining of persistent chest pain. The 
patient's clinical history was negative for comorbidities. The 
patient received paracetamol without great benefit, while blood 
counts indicated only mild anemia (hemoglobin, 11.5 g/dl; 
normal range, 12-15 g/dl). Following a chest X-ray that revealed 
a large mass on the left lung, a total body CT scan revealed a 
mass of 48 mm in diameter located in the left lower lobe of 
the lung with mediastinal adenopathies and pleural effusions 
(Fig. 4A and B). Four thoracentesis procedures, video-assisted 
thoracoscopy, several biopsies of pleural lesions and talc 

pleurodesis were performed. A diagnosis of lung adenocar-
cinoma (CK7+, TTF1+ and p63 negative) with a deletion of 
exon 19 of the EGFR gene was made, based on the biopsy 
specimen. Therapy with gefitinib (250 mg/day) was initiated, 
continuing for ten months until further disease progression. A 
total body CT scan 1 year from diagnosis revealed a partial 
response to therapy, with a reduction in tumor mass of 50% 
(Fig. 5A) according to the Response Evaluation Criteria In 
Solid Tumours version 1.1 (19). However, a 18F-FDG-PET 
scan 3 months later (15 months following diagnosis) identified 
local progression of the disease (Fig. 5B). Radiotherapy in 20 
fractions of 3 Gy each for a total of 60 Gy was performed 
on the residual lesion over 3 weeks. The patient tolerated 
the treatment well and continued gefitinib; however, further 
progression of the disease was observed at 20 months after 
diagnosis. At this point, cisplatin (60 mg/m2, d1) combined 
with pemetrexed (500 mg/m2, d1) treatment was initiated for 
4 cycles of 21 days. Premetrexed was continued as a mainte-
nance treatment at a dose of 500 mg/m2 (to date, 23 cycles). 
The patient was alive 3 years after diagnosis and did not 
complain of respiratory symptoms. The patient's response to 
therapy was good and thoracic imaging revealed only residual 
actinic fibrosis, without any sign of disease.

Discussion

Lung cancer is the second most common cancer in males 
and the third most common in females; however, it is the 
primary cause of cancer‑associated mortality. In the first three 
stages of the disease, the various treatment options available 
(surgery, chemotherapy, radiotherapy and biological therapy) 
are frequently ineffective depending on the initial stage (1). 
Stage IV lung cancer confers a poor prognosis, particularly 
when it co-occurs with pleural effusion (14). In recent years, 
there have been advancements in techniques that can preserve 
lung function, such as talc pleurodesis (12). The identification 
of genetic mutations associated with lung cancer (EGFR, 
anaplastic lymphoma receptor tyrosine kinase and ROS 
proto‑oncogene 1 receptor tyrosine kinase) and the avail-
ability of biological drugs that are less toxic, better tolerated 
and more effective is improving the prognosis of patients with 
lung cancer, at least in the short term (5-7). It is a necessity that 
the therapeutic options available are known by the patients, 
are the subject of interdisciplinary discussion and are used 
appropriately.

The cases described in the present report were character-
ized by a variability in response to different therapeutic options 
and a relatively good survival time due to the use of all possible 
treatments. Patient 1 and patient 2 received similar treatment 
(standard chemotherapy and a biological EGFR‑targeted 
therapy) but exhibited different responses. EGFR‑targeted 
therapy has resulted in a better PFS of patients with NSCLC 
harboring an activating mutation of EGFR compared with 
patients with wild-type EGFR (3). The deletion of exon 19 
and the L858R mutation of exon 21 are the EGFR alterations 
that exhibit the best sensitivity to EGFR‑TKI treatment (9,10). 
Patients with NSCLC in the East have been demonstrated 
to respond better to this treatment compared with those in 
the West (5). A previous randomized phase III clinical trial 
investigated the use of the EGFR‑TKI gefitinib as a first‑line 
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treatment for NSCLC compared with standard platinum‑based 
chemotherapy (6), examining PFS and the overall response 
rate, achieving a median survival time of 16 months. Gefitinib 
has been demonstrated to be effective in the treatment of lung 
adenocarcinoma and well-tolerated compared with standard 
chemotherapy (7). NSCLC cases with the deletion of exon 19 

or L858R mutation of exon 21 of EGFR are highly responsive 
to gefitinib (7,10). Erlotinib is another first generation TKI and 
it has been demonstrated to be effective in phase III studies as 
a first‑line treatment in patients with EGFR mutation‑positive 
NSCLC (9). In patients with NSCLC with wild-type EGFR, 
therapy with pemetrexed combined with platinum‑base 
compounds has been identified to improve patient outcomes, 
such as PFS and overall survival (OS) particularly as a main-
tenance treatment (3,4). In addition, gefitinib maintenance 
therapy has been demonstrated to further improve patient 
survival in a phase III clinical trial (7,8,10).

Clinical guidelines indicate that the use of pemetrexed and 
bevacizumab should be limited to patients with non‑squamous 
NSCLC histology (20). Bevacizumab can also be used to 
control brain metastases. The use of maintenance therapy 
should be considered after 4 cycles of chemotherapy in 
patients with NSCLC who are responders or do not exhibit 
disease progression (21). The effect of therapy beyond the third 
line has not yet been demonstrated. In regards to radiotherapy, 
guidelines suggest that radiotherapy only be used in stage IV 
NSCLC for palliative purposes. However, it is a feasible and 
effective treatment for stage III NSCLC (1,17).

Figure 3. A fuorodeoxyglucose-positron emission tomography-computed 
tomography scan of patient 1, 6 months after stereotactic radiotherapy, 
revealed no uptake in the lesion on the lower left lobe of the lung, reduced 
metabolic activity (standardized uptake value, <3) and residual inflammation 
in the pleural space.

Figure 1. Baseline computed tomography scan of patient 1 revealed (A) a 
massive pleural effusion on the left lung with (B) sub‑atelectasis of the lower 
lobe.

Figure 2. Computed tomography scans of patient 1 (A) following thoracen-
tesis revealed a good re-expansion of the lung and a lesion in the left lower 
lobe, (B) which was partially reduced subsequent to 4 cycles of chemotherapy.

Figure 4. A computed tomography scan of patient 2 revealed (A) a pleural 
effusion and (B) a lesion in the lower left lobe of the lung.

Figure 5. Subsequent to talc pleurodesis and gefitinb treatment for 6 months, 
patient 2 underwent (A) a CT scan, revealing a pleural thickening, and (B) a 
18F-FDG-positron emission tomography-CT scan, revealing an increased 
uptake of 18F‑FDG in the lesion. CT, computed tomography; 18F-FDG, 
fuorodeoxyglucose.
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A previous study investigated the use of sequential 
or concurrent radio‑chemotherapy in unresectable lung 
cancer, which was successful in improving progression free 
survival (16). In the cases discussed in the present report, 
high‑dose radiotherapy proved useful in boosting the effects 
of the EGFR‑TKI and to treat residual disease. Radiotherapy 
could be either palliative or curative, depending on the stage 
at the time of treatment (18). Radiotherapy in elderly people 
has been demonstrated to provide some benefit to patients with 
stage I as a curative treatment and in patients with metastatic 
stage as palliative treatments to improve the quality of life (17).

The presence of pleural effusion, a common manifestation 
of NSCLC, worsens the prognosis of patients (12,13). The 
management of pleural effusions is crucial for improving the 
patient's quality of life and prognosis (12). Talc pleurodesis is a 
relatively new method for treating recurrent pleural effusions 
and is less invasive than other methods (12,14). Pleurodesis can 
limit the spread of NSCLC and the development of respiratory 
failure (15). Pleurodesis by thoracoscopy can be performed in 
certain conditions, including recurrent benign pleural effu-
sion, recurrent pneumothorax and malignant pleural effusion. 
In the majority of lung cancer cases pleurodesis can slow the 
progression of the disease (12). The presence of a low glucose 
level and of low pH fluid in NSCLC is associated with a poor 
prognosis (13,15). Zimmer et al (12) compared talc slurry with 
other chemical substances in a prospective randomized trial, 
demonstrating that talc was the best agent for the treatment of 
malignant pleural effusion.

In conclusion, a multidisciplinary approach involving 
pneumologists, radiotherapists, oncologists and thoracic 
surgeons, in addition to a variety of treatments, are required 
for the management of lung cancer. The two patients described 
in the present report were successfully treated using a range of 
agents. This suggests that sequential therapies with different 
agents provide clinical benefit while being well tolerated, 
improving PFS and OS.
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