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Abstract
Aim: Lung cancer presenting as cysts is a rare entity in clinical practice. Differential diagnosis is difficult
in the benign-like cyst.

Methods: We conducted a retrospective analysis of the clinical records of 15 patients who underwent
surgery for primary lung cancer presenting as cysts (wall thickness <5 mm) in our department between 2007
and 2012. The whole group underwent postoperative follow-up.

Results: The subjects’ age ranged from 18 to 80 years with a median age of 58.3 years. Eight cases
presented with respiratory symptoms while seven showed abnormal shadows on a chest computed tomog-
raphy without symptoms. Histological analysis showed that 10 cases were of adenocarcinoma, two of
squamous cell carcinoma and one of large cell carcinoma. Two patients died at 13 and 26 months and the
remaining 13 patients are alive and disease free at 3–38 months.

Conclusion: Cystic lung cancer should be considered in the differential diagnosis of focal benign cyst.
Cystic lung cancer could achieve a good outcome if early diagnosis can be obtained.
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INTRODUCTION

Cysts are commonly detected lesions in the lung on chest
radiography and chest computed tomography (CT).
Traditionally, the term “cyst” is used to describe an
air-containing space surrounded by a relatively thin
wall (less than 4 mm), and the term “cavity” is used to
describe an air-containing space within a pulmonary
consolidation with a relatively thick wall (more than
4 mm) or within a surrounding infiltrate or mass iden-
tified upon radiological examination.1,2 In general,
solitary cyst found on the lung have been considered as
benign disease. Lung cancer presenting as cystic lesions
was first described by Anderson and Pierce in 1954.3 As

an unusual type of lung cancer, lung cancer presenting
as cyst was often misdiagnosed in clinical practice. We
describe 15 patients with proven lung cancer showing as
cysts. In this paper, we named this special type of lung
cancer as cystic lung cancer.

METHODS

From March 2007 to December 2012, 3268 patients
with primary lung cancer were admitted in the Depart-
ment of Thoracic Surgery of the Chinese People’s Lib-
eration Army General Hospital. Of these, 15 patients
with lung cancer presenting as cysts underwent surgical
treatment. Their clinical data were selected and formed
the basis for this review. Chest X-ray and CT scans were
performed in every patient, and in four patients, 18F-
fluorodeoxyglucose positron emission tomography-CT
scans were performed.

We defined a “pulmonary cyst” as a cavitary lesion
with a wall thickness of 4 mm or less along at least 75%
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of the circumference of the lesion. Each patient’s clinical
course, pathological findings and surgical results were
investigated.

Tumor-nodes-metastasis classification was based on
the International Union Against Cancer 7th edition. The
survival time was measured from the date of surgery to
the date of the most recent follow-up examination.

RESULTS

The incidence of cystic lung cancer was 0.46% (15 of
the 3268) of surgical cases. At same period, 306 patients
with benign solitary pulmonary cysts underwent surgi-
cal operation in our department. “Malignant cyst” inci-
dence was 4.6% (15 of the 321) of surgical cases. Our
series included 12 males and three females with a mean
age of 58.3 years (Table 1). Seven cases were asymptom-
atic and were discovered by chance, whereas eight
had respiratory symptoms. Of these eight patients, six
presented with a cough, four with hemoptysis and one
with a fever. Additionally, only five of the patients had
a history of being a heavy smoker. Only one patient
in all had a history of bullae. Eight of 15 cases had a
routine examination every year and no abnormal sign
was found in past X-ray or CT except for the case with
bullae.

Chest CT revealed solitary cysts with a diameter of
2 to 6 cm in 15 cases. A gradually growing cyst was

observed on a CT scan in three cases before operation
(Fig. 1). No abnormal increase in metabolism was
detected on a PET-CT scan in the four patients. All 15
lesions were found on the periphery of the lung. There
were four patients with emphysema coexistence in CT
scans. The location of the tumor was in the right upper
lobe in four patients, left upper lobe in three patients,
right lower lobe in three, left lower lobe in four and right
middle lobe in one patient respectively.

In all cases, nine patients underwent lobectomy and
five patients underwent wedge resection. Pleural biopsy
was performed in one patient with pleural metastasis.
Nine patients had node-negative, stage I disease, but two
patients had N1 disease, and two patients (13%) had
N2 disease. N3 and M1a disease was confirmed in one
patient each (Table 1).

In our series, adenocarcinoma (n = 11) including
six invasive adenocarcinoma, three adenocarcinoma
in situ (AIS) and two minimally invasive adenocarci-
noma (MIA) was the major type of histology (Fig. 2).
There were two squamous-cell carcinoma cases, one
adenosquamous cell carcinoma and one large cell carci-
noma in other four cases. There were two patients with
synchronous multiple primary lung cancer. One have a
large cell carcinoma in the right middle lobe displaying
as a solid pattern and adenocarcinoma in the lower lobe
presenting as a cyst. The other one have a cystic lesion in
upper lobe and a solid one in lower lobe in left lung. In

Table 1 Clinical characteristics of the 15 patients with thin-walled cystic lung cancer

No. Gender Age Location Procedure Stage Histology
Diagnosis period

(weeks) SI
Survival
(months)

1 M 51 RUL lobectomy IIA LC 20 600 38 alive
2 F 34 RLL biopsy IIIB ADC 24 0 13 dead
3 M 58 RLL lobectomy IIA SCC 8 1200 29 alive
4 M 39 LLL WR IV MIA 4 0 26 dead
5 M 70 RML lobectomy IA AIS 1 0 26 alive
6 F 65 RUL WR IA ADC 32 0 24 alive
7 M 60 LLL lobectomy IA MIA 4 150 23 alive
8 M 77 RUL lobectomy IA AIS 4 0 23 alive
9 M 69 LLL WR IIIA AIS 8 0 22 alive

10 M 57 LUL WR IIIA SCC 16 900 20 alive
11 M 69 RUL WR IA ADC 2 0 20 alive
12 M 45 RML lobectomy IA ADC 8 0 16 alive
13 M 51 LLL lobectomy IA ADC 2 0 12 alive
14 F 58 LUL lobectomy IA ADC 3 0 6 alive
15 M 72 LUL lobectomy IB ASC 2 500 3 alive

ADC, adenocarcinoma; AIS, adenocarcinoma in situ; ASC, adenosquamous cell carcinoma; F, female; LC, large cell carcinoma; LLL, left lower lobe;
LUL, left upper lobe; M, male; MIA, minimally invasive adenocarcinoma; RLL, right lower lobe; RML, right middle lobe; RUL, right upper lobe;
SCC, squamous cell carcinoma; SI, smoking index; WR, wedge resection.
International Union Against Cancer (UICC) 7th edition was used for TNM classification.
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intra-arterial chemotherapy. This improves the drug
concentration and tumor contact while reducing the
systemic toxicity. The intra-arterial protocol initially
employed in this context was called the intra-arterial
cisplatin with radiation.6 This protocol involved intra-
arterial cisplatin with concurrent hyperfractionated
radiotherapy. Early studies used supradose cisplatin,
that is 150 mg/m2 of cisplatin per cycle for four cycles
with fractionated radiotherapy for 7 weeks.6 The results
were encouraging in terms of tumor response but the
toxicity was too high.7 Studies have been conducted
using 100 mg/m2 and even 75 mg/m2 of cisplatin and
these have shown comparable results with acceptable
toxicity.8 Carboplatin has been used in an attempt to
reduce the toxicity.9 Investigators have also used neoad-
juvant intra-arterial chemotherapy in head and neck
cancers, specifically for oral and oropharyngeal cancers.
This form of treatment has further reduced toxicity with
almost comparable results.10

However, no studies have been conducted to show the
efficacy and feasibility of neoadjuvant intra-arterial che-
motherapy followed by the standard concurrent chemo-
radiotherapy or surgery in the setting of laryngeal and
hypopharyngeal cancer.

We conducted a prospective phase II study using
intra-arterial cisplatin in a neoadjuvant setting followed
by concurrent chemoradiotherapy or surgery for
management of patients with advanced laryngeal and
hypopharyngeal cancers. The basis was to evaluate the
response to intra-arterial chemotherapy so as to formu-
late an effective treatment plan early in the management
course and reduce tumor bulk to achieve better organ
preservation with subsequent concurrent chemoradia-
tion or surgery compared to concurrent chemoradio-
therapy alone.

MATERIALS AND METHODS

Study design
From April 2010 to November 2011, 18 patients with
advanced laryngeal and hypopharyngeal cancers (T3/T4
with nodal status up to N2) were recruited in this study.
The protocol was approved by institute ethics commit-
tee. Patients with concurrent malignancies requiring
therapy for other cancers, prior chemotherapy or radio-
therapy, contrast allergy or bleeding diathesis were
considered inappropriate for treatment protocol. Three
patients were excluded from the study: one patient was
found to have active pulmonary tuberculosis at the time
of pretreatment evaluation and two patients did not give

consent for the second session of angiography. Thus,
15 patients finally entered the study.

Pretreatment evaluation
It included medical history, physical examination
(including weight, height and body surface area), labo-
ratory investigations (hemogram, sodium, potassium,
alanine aminotransferase, aspartate aminotransferase,
total bilirubin, creatinine and prothrombin time),
staging endoscopy with biopsy and contrast enhanced
multidetector computed tomography (MDCT) of face
and neck. Tumor volumetry was done using freehand
region of interest technique. Analysis was done keeping
the attenuation limits between 0 and 100 Hounsfield
units to avoid inadvertent inclusion of adjacent cartilage
or air in the laryngeal inlet. Besides the tumor volume,
mean tumor attenuation was also calculated and
assessed.

Patients with normal renal functions and bleeding
parameters were selected for the treatment. Adequate
hydration was ensured prior to intra-arterial chemo-
therapy. Sodium thiosulfate, a neutralizing agent (to
reduce cisplatin toxicity), was not used because of the
regulatory restrictions.

Intra-arterial chemotherapy schedule
All patients were given N-acetyl cysteine 1200 mg in
two divided doses 12 h apart, starting 1 day prior to
procedure, continued on the day of procedure and 1 day
post procedure. Arterial access was obtained in all
patients through a right femoral artery puncture and six
French (F) arterial sheath. External carotid artery angio-
grams were obtained in anteroposterior and lateral pro-
jections to delineate the origin of superior thyroid artery
and any tumor blush (Fig. 1). Subsequently, selective
cannulation of superior thyroid artery on the side of
tumor was done with 4F VERT catheter (slip-cath
Beacon Tip Catheter; Cook, Bloomington, IN, USA). A
2.7 F microcatheter (Progreat, Terumo; Terumo Corpo-
ration, Tokyo, Japan) was used for super-selective can-
nulation of branches of superior thyroid artery. Once the
artery was deemed suitable for injection, 4 mg dexam-
ethasone and 4 mL 7.5% w/v sodium bicarbonate were
injected immediately before the intra-arterial injections
of cisplatin. Intra-tumoral infusion of 40 mg/m2 cispla-
tin was then performed as 2 mL boluses over a period
of 15–20 min performed by hand injections. In five
patients in whom the tumor showed extension across
midline, contralateral superior thyroid artery was also
infused with cisplatin. In case of superior extension
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pathology, cystic lesion was invasive adenocarcinoma
and solid one was AIS.

Epidermal growth factor receptor (EGFR) and Kirsten
rat sarcoma viral oncogene homolog (KRAS) mutation

Figure 1 A 34-year-old woman, anti-TB therapy for 6
months. (a) Computed tomography (CT) revealed a thin-
walled cystic lesion in right lower lobe. (b) CT was taken 6
months later. An enlarged thin-walled cystic lesion associated
with interlobar pleural metastasis.

Figure 2 A 69-year-old male. (a) Computed tomography
revealed a thin-walled cystic lesion in left lower lobe. (b) Gross
specimen of cystic lesion. The inner surface of cyst was totally
lined with thin tumor issue. (c) Cyst wall (small arrow)
together with hyperplastic mucinous epithelium (large arrow)
adjacent to the well differentiated mucinous bronchioloalveo-
lar carcinoma (open arrow). (Hematoxylin and eosin, ×100.)

▶

Lung cancer presenting as thin-walled cysts 3
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of the mass to valleculae and tongue base, ipsilateral
lingual artery was also selected for intra-arterial injec-
tion. However, in some cases where superior thyroid
artery could not be cannulated, ipsilateral with or
without contralateral lingual artery was utilized for arte-
rial cisplatin delivery. A second cycle was administered
after 15 days.

A follow-up contrast-enhanced MDCT was per-
formed 25 days after the first cycle. Response evaluation
using tumor volumetry and response evaluation in solid
tumors (RECIST 1.1) was done.11 Based on tumor volu-
metry, patients were grouped into responders and
nonresponders with former showing more than 50%
reduction in tumor volume and latter less than 50%
reduction. Response was classified as complete response
(CR), partial response (PR), stable disease (SD) and
progressive disease (PD). CR referred to disappearance
of all target lesions with reduction in short axis of any
pathological lymph node to <10 mm. PR was achieved
when there was at least a 30% decrease in the sum of
diameters of target lesions. PD meant at least a 20%
increase in the sum of diameters of target lesions or the
appearance of one or more new lesions. SD criteria were
those between PR and PD.

Based on the interim evaluation, patients were subse-
quently treated with chemoradiotherapy or surgery with
postoperative radiotherapy.

Chemoradiotherapy schedule
It comprised of conventional fractionated regimen of
64–70 gray given in 32–35 fractions over 6–7 weeks.
Five to six cycles of intravenous cisplatin were delivered
weekly during the radiotherapy sessions at a dose of
40 mg/m2 body surface area.

Surgery with postoperative radiotherapy
Patients in this group were considered for surgery within
2–3 weeks of the follow-up MDCT and endoscopy.
After a gap of 4–6 weeks following surgery, patients
received postoperative radiotherapy; total dose of 56–64
gray in fractions (5 fractions per week for 6–7 weeks).

Clinical or radiological evaluation was done using
endoscopy and contrast-enhanced computed tomogra-
phy, respectively, following completion of the definitive
treatment protocol. Patients were followed up for the
control of disease.

Statistical analysis
It was performed using Statistical Package for the Social
Sciences software (version 17.0; SPSS, Chicago, IL,
USA). To compare the differences between two groups
(continuous variable) and calculate the P-value, Stu-
dent’s t-test was applied. For nonparametric data,
Mann–Whitney test was applied. Chi-square test of pro-
portions was also employed wherever applicable.

A comparison of response was done with degree of
differentiation, tumor stage at presentation, site of
origin, maximum tumor diameter and volume at presen-
tation, and optimal technique.

RESULTS

Fifteen patients were evaluated at the end of intra-
arterial treatment protocol. All the patients were acces-
sible for response and toxicity evaluation. Pretreatment
characteristics are presented in Table 1.

Intra-arterial chemotherapy
A total of 49 arteries were cannulated in 15 patients. Of
these, 36 were superior thyroid (73.46%), 10 lingual
(20.4%) and only 3 were facial arteries (6.12%). Five
patients were treated for bilateral disease by cannulation
of both the superior thyroid arteries. Arterial cannula-
tion was considered optimal for a given patient if

Figure 1 Anteroposterior (a) and lateral (b) angiogram
images of selective superior thyroid artery (thick arrows) injec-
tion show no significant tumor blush. Using a coaxial catheter
system (4F VERT slip catheter and microcatheter, marked with
arrowhead), one of the branches (thin arrows) of superior
thyroid artery was cannulated for super-selective intra-arterial
cisplatin infusion.

Neoadjuvant intra-arterial chemotherapy 3

© 2013 Wiley Publishing Asia Pty LtdAsia-Pac J Clin Oncol 2013



were detected in eight cases. The outcome showed
three patients have an EGFR mutation affecting exons
19(n = 2 deletion) and 21(n = 1 L858R) mutation.
There was no KRAS mutation in all eight patients. One
patient was detected with exons 19 deletion initially, and
after 18 months, administered EGFR-TKI treatment
T790M mutation in 20 exons developed.

The observation period before diagnosis of lung
cancer was from 1 week to 32 weeks (median period
of 9 weeks). Four patients were misdiagnosed as tuber-
culosis and one as fungus before operation. Of the

six patients with advanced stage tumor, four patients
underwent chemotherapy and one was treated with
chemotherapy combined with radiotherapy. The other
patient of IV stage opted for take EGFR-TKI treatment.
He received six cycles chemotherapy when acquired
drug resistance happened after taking EGFR-TKI for 18
months (Fig. 3).

The median follow-up period was 19.8 months.
Except for one with IIIB stage and one with IV stage, 13
patients were alive and there were no evidence of recur-
rence. The patient with adenocarcinoma of IIIB stage

Figure 3 The four computed tomography (CT) pictures showed a variation of a thin-walled cystic lung cancer of left lower lobe.
(a) CT revealed a thin-walled cystic lesion in left lower lobe with intrapulmonary metastasis in bilateral lung. (b) After taking
EGFR-TKI treatment for 2 months, intrapulmonary metastasis disappeared and wall of cyst became smooth and regular. (c) CT scan
after EGFR-TKI treatment was administered for 6 months. (d) Tumor progressing after target therapy was stopped for 7 months.
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of the circumference of the lesion. Each patient’s clinical
course, pathological findings and surgical results were
investigated.

Tumor-nodes-metastasis classification was based on
the International Union Against Cancer 7th edition. The
survival time was measured from the date of surgery to
the date of the most recent follow-up examination.

RESULTS

The incidence of cystic lung cancer was 0.46% (15 of
the 3268) of surgical cases. At same period, 306 patients
with benign solitary pulmonary cysts underwent surgi-
cal operation in our department. “Malignant cyst” inci-
dence was 4.6% (15 of the 321) of surgical cases. Our
series included 12 males and three females with a mean
age of 58.3 years (Table 1). Seven cases were asymptom-
atic and were discovered by chance, whereas eight
had respiratory symptoms. Of these eight patients, six
presented with a cough, four with hemoptysis and one
with a fever. Additionally, only five of the patients had
a history of being a heavy smoker. Only one patient
in all had a history of bullae. Eight of 15 cases had a
routine examination every year and no abnormal sign
was found in past X-ray or CT except for the case with
bullae.

Chest CT revealed solitary cysts with a diameter of
2 to 6 cm in 15 cases. A gradually growing cyst was

observed on a CT scan in three cases before operation
(Fig. 1). No abnormal increase in metabolism was
detected on a PET-CT scan in the four patients. All 15
lesions were found on the periphery of the lung. There
were four patients with emphysema coexistence in CT
scans. The location of the tumor was in the right upper
lobe in four patients, left upper lobe in three patients,
right lower lobe in three, left lower lobe in four and right
middle lobe in one patient respectively.

In all cases, nine patients underwent lobectomy and
five patients underwent wedge resection. Pleural biopsy
was performed in one patient with pleural metastasis.
Nine patients had node-negative, stage I disease, but two
patients had N1 disease, and two patients (13%) had
N2 disease. N3 and M1a disease was confirmed in one
patient each (Table 1).

In our series, adenocarcinoma (n = 11) including
six invasive adenocarcinoma, three adenocarcinoma
in situ (AIS) and two minimally invasive adenocarci-
noma (MIA) was the major type of histology (Fig. 2).
There were two squamous-cell carcinoma cases, one
adenosquamous cell carcinoma and one large cell carci-
noma in other four cases. There were two patients with
synchronous multiple primary lung cancer. One have a
large cell carcinoma in the right middle lobe displaying
as a solid pattern and adenocarcinoma in the lower lobe
presenting as a cyst. The other one have a cystic lesion in
upper lobe and a solid one in lower lobe in left lung. In
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(weeks) SI
Survival
(months)

1 M 51 RUL lobectomy IIA LC 20 600 38 alive
2 F 34 RLL biopsy IIIB ADC 24 0 13 dead
3 M 58 RLL lobectomy IIA SCC 8 1200 29 alive
4 M 39 LLL WR IV MIA 4 0 26 dead
5 M 70 RML lobectomy IA AIS 1 0 26 alive
6 F 65 RUL WR IA ADC 32 0 24 alive
7 M 60 LLL lobectomy IA MIA 4 150 23 alive
8 M 77 RUL lobectomy IA AIS 4 0 23 alive
9 M 69 LLL WR IIIA AIS 8 0 22 alive

10 M 57 LUL WR IIIA SCC 16 900 20 alive
11 M 69 RUL WR IA ADC 2 0 20 alive
12 M 45 RML lobectomy IA ADC 8 0 16 alive
13 M 51 LLL lobectomy IA ADC 2 0 12 alive
14 F 58 LUL lobectomy IA ADC 3 0 6 alive
15 M 72 LUL lobectomy IB ASC 2 500 3 alive

ADC, adenocarcinoma; AIS, adenocarcinoma in situ; ASC, adenosquamous cell carcinoma; F, female; LC, large cell carcinoma; LLL, left lower lobe;
LUL, left upper lobe; M, male; MIA, minimally invasive adenocarcinoma; RLL, right lower lobe; RML, right middle lobe; RUL, right upper lobe;
SCC, squamous cell carcinoma; SI, smoking index; WR, wedge resection.
International Union Against Cancer (UICC) 7th edition was used for TNM classification.
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intra-arterial chemotherapy. This improves the drug
concentration and tumor contact while reducing the
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employed in this context was called the intra-arterial
cisplatin with radiation.6 This protocol involved intra-
arterial cisplatin with concurrent hyperfractionated
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that is 150 mg/m2 of cisplatin per cycle for four cycles
with fractionated radiotherapy for 7 weeks.6 The results
were encouraging in terms of tumor response but the
toxicity was too high.7 Studies have been conducted
using 100 mg/m2 and even 75 mg/m2 of cisplatin and
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toxicity.8 Carboplatin has been used in an attempt to
reduce the toxicity.9 Investigators have also used neoad-
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This form of treatment has further reduced toxicity with
almost comparable results.10

However, no studies have been conducted to show the
efficacy and feasibility of neoadjuvant intra-arterial che-
motherapy followed by the standard concurrent chemo-
radiotherapy or surgery in the setting of laryngeal and
hypopharyngeal cancer.

We conducted a prospective phase II study using
intra-arterial cisplatin in a neoadjuvant setting followed
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management of patients with advanced laryngeal and
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with nodal status up to N2) were recruited in this study.
The protocol was approved by institute ethics commit-
tee. Patients with concurrent malignancies requiring
therapy for other cancers, prior chemotherapy or radio-
therapy, contrast allergy or bleeding diathesis were
considered inappropriate for treatment protocol. Three
patients were excluded from the study: one patient was
found to have active pulmonary tuberculosis at the time
of pretreatment evaluation and two patients did not give

consent for the second session of angiography. Thus,
15 patients finally entered the study.

Pretreatment evaluation
It included medical history, physical examination
(including weight, height and body surface area), labo-
ratory investigations (hemogram, sodium, potassium,
alanine aminotransferase, aspartate aminotransferase,
total bilirubin, creatinine and prothrombin time),
staging endoscopy with biopsy and contrast enhanced
multidetector computed tomography (MDCT) of face
and neck. Tumor volumetry was done using freehand
region of interest technique. Analysis was done keeping
the attenuation limits between 0 and 100 Hounsfield
units to avoid inadvertent inclusion of adjacent cartilage
or air in the laryngeal inlet. Besides the tumor volume,
mean tumor attenuation was also calculated and
assessed.

Patients with normal renal functions and bleeding
parameters were selected for the treatment. Adequate
hydration was ensured prior to intra-arterial chemo-
therapy. Sodium thiosulfate, a neutralizing agent (to
reduce cisplatin toxicity), was not used because of the
regulatory restrictions.

Intra-arterial chemotherapy schedule
All patients were given N-acetyl cysteine 1200 mg in
two divided doses 12 h apart, starting 1 day prior to
procedure, continued on the day of procedure and 1 day
post procedure. Arterial access was obtained in all
patients through a right femoral artery puncture and six
French (F) arterial sheath. External carotid artery angio-
grams were obtained in anteroposterior and lateral pro-
jections to delineate the origin of superior thyroid artery
and any tumor blush (Fig. 1). Subsequently, selective
cannulation of superior thyroid artery on the side of
tumor was done with 4F VERT catheter (slip-cath
Beacon Tip Catheter; Cook, Bloomington, IN, USA). A
2.7 F microcatheter (Progreat, Terumo; Terumo Corpo-
ration, Tokyo, Japan) was used for super-selective can-
nulation of branches of superior thyroid artery. Once the
artery was deemed suitable for injection, 4 mg dexam-
ethasone and 4 mL 7.5% w/v sodium bicarbonate were
injected immediately before the intra-arterial injections
of cisplatin. Intra-tumoral infusion of 40 mg/m2 cispla-
tin was then performed as 2 mL boluses over a period
of 15–20 min performed by hand injections. In five
patients in whom the tumor showed extension across
midline, contralateral superior thyroid artery was also
infused with cisplatin. In case of superior extension
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cannot tolerant the side effect after taken Erlotinib for
1 month. She underwent eight cycles chemotherapy.
But the cancer progressed and she succumbed to brain
metastasis within 13 months of operation. The patient
with adenocarcinoma of IV stage mentioned above who
underwent EGFR-TKI treatment, chemotherapy and
brain radiotherapy died with intrapulmonary and brain
metastasis at 26 months after surgery.

DISCUSSION

The terms cyst, cystic airspace and cavity have overlap-
ping meanings and are sometimes used interchangeably.
In this paper, the term cyst is used to mean a clearly
defined air-containing space surrounded by a relatively
thin (≤4 mm) wall. In contrast, the term cavity is used
to refer to an air-containing lesion with a relatively
thick (>4 mm) wall or within an area of a surrounding
infiltrate or mass.

Generally, a solitary cystic lesion in the lung was
considered benign. Malignant disease shows a signifi-
cantly higher incidence rate of thick cavitary walls com-
pared with benign lesions.4 Woodring et al. reported
that the thickness of the thickest part of the cavity wall

could be used to differentiate between benign and malig-
nancy of pulmonary cavitary lesions among their 65
patients.5 In their study, all of the cavities with a wall
thickness of 1 mm or less in the thickest part were
benign; among lesions whose thickest measurement was
2–4 mm, 14% were malignant; among lesions whose
thickest measurement was 5–15 mm, 49% were malig-
nant; and among lesions whose thickest measurement
was more than 15 mm, 95% were malignant neoplasms.
Our study revealed the malignant incidence of 4.6%
among the surgical cases of focal pulmonary cysts,
which include bulla, congenital cystic lesions, tubercu-
losis and pulmonary fungi disease. Except for lung
cancer, mucinous adenocarcinoma, cystic metastasis of
sarcoma and some pulmonary metastatic tumors also
have appearance of cysts in lung.1 Our report does not
include these diseases.

Lung cancer presenting as cysts was first reported by
Anderson and Pierce in 1954.3 Several cases of malig-
nant neoplasms with pulmonary thin-walled cavity have
been reported in past two decades6–16 (Table 2), most of
which came from Asian countries. The mean age of 19
cases reported in these literatures was 62.3 years, includ-
ing 13 males and six females, which is similar with our

Table 2 Summary of literature about thin-walled cystic lung cancer

NO Author Year
Number
of cases Age Sex Histology Therapy Stage

1 Singh6 2012 1 45 M SCC Chem cIIIB
2 Goto7 2011 1 60 M ADC Lob pT2aN0M0
3 Lan8 2010 1 27 F ADC Chem+RT pT2N3M0
4 Kondo9 2010 1 60 F ADC Chem cIV
5 Matsuoka10 2010 1 79 F ADC Lob pT1N0M0
6 Iwata11 2009 1 68 M SCC Lob pT2N2M0
7 Sugimoto12 2007 8
8 Tanaka13 2006 1 45 M ADC Chem cT4N3M1

62 M ADC Lob pT2N2M1
84 M ADC WR cT3N2M0
78 M ADC WR cT3N2M0
78 F ADC Lob pT1N0M0
81 M SCC Lob pT1N0M0
72 M SCC Lob pT1N0M0
79 M ASC Lob pT2N0M0
71 M LC Lob pT1N0M0

9 Jakopovic14 2005 1 40 F LC Lob pT2N0M0
10 Kobashi15 2005 1 ASC Lob pT2N2M0
11 Prichard16 1984 2

30 F BAC Lob; IB
BAC pneumonectomy IIB

ADC, adenocarcinoma; ASC, adenoaquamous cell carcinoma; BAC, bronchoalveolar carcinoma; Chem, chemotherapy; LC, large cell carcinoma;
Lob, lobectomy; RT, radiotherapy; SCC, squamous cell carcinoma; WR, wedge resection.
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pathology, cystic lesion was invasive adenocarcinoma
and solid one was AIS.

Epidermal growth factor receptor (EGFR) and Kirsten
rat sarcoma viral oncogene homolog (KRAS) mutation

Figure 1 A 34-year-old woman, anti-TB therapy for 6
months. (a) Computed tomography (CT) revealed a thin-
walled cystic lesion in right lower lobe. (b) CT was taken 6
months later. An enlarged thin-walled cystic lesion associated
with interlobar pleural metastasis.

Figure 2 A 69-year-old male. (a) Computed tomography
revealed a thin-walled cystic lesion in left lower lobe. (b) Gross
specimen of cystic lesion. The inner surface of cyst was totally
lined with thin tumor issue. (c) Cyst wall (small arrow)
together with hyperplastic mucinous epithelium (large arrow)
adjacent to the well differentiated mucinous bronchioloalveo-
lar carcinoma (open arrow). (Hematoxylin and eosin, ×100.)

▶
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of the mass to valleculae and tongue base, ipsilateral
lingual artery was also selected for intra-arterial injec-
tion. However, in some cases where superior thyroid
artery could not be cannulated, ipsilateral with or
without contralateral lingual artery was utilized for arte-
rial cisplatin delivery. A second cycle was administered
after 15 days.

A follow-up contrast-enhanced MDCT was per-
formed 25 days after the first cycle. Response evaluation
using tumor volumetry and response evaluation in solid
tumors (RECIST 1.1) was done.11 Based on tumor volu-
metry, patients were grouped into responders and
nonresponders with former showing more than 50%
reduction in tumor volume and latter less than 50%
reduction. Response was classified as complete response
(CR), partial response (PR), stable disease (SD) and
progressive disease (PD). CR referred to disappearance
of all target lesions with reduction in short axis of any
pathological lymph node to <10 mm. PR was achieved
when there was at least a 30% decrease in the sum of
diameters of target lesions. PD meant at least a 20%
increase in the sum of diameters of target lesions or the
appearance of one or more new lesions. SD criteria were
those between PR and PD.

Based on the interim evaluation, patients were subse-
quently treated with chemoradiotherapy or surgery with
postoperative radiotherapy.

Chemoradiotherapy schedule
It comprised of conventional fractionated regimen of
64–70 gray given in 32–35 fractions over 6–7 weeks.
Five to six cycles of intravenous cisplatin were delivered
weekly during the radiotherapy sessions at a dose of
40 mg/m2 body surface area.

Surgery with postoperative radiotherapy
Patients in this group were considered for surgery within
2–3 weeks of the follow-up MDCT and endoscopy.
After a gap of 4–6 weeks following surgery, patients
received postoperative radiotherapy; total dose of 56–64
gray in fractions (5 fractions per week for 6–7 weeks).

Clinical or radiological evaluation was done using
endoscopy and contrast-enhanced computed tomogra-
phy, respectively, following completion of the definitive
treatment protocol. Patients were followed up for the
control of disease.

Statistical analysis
It was performed using Statistical Package for the Social
Sciences software (version 17.0; SPSS, Chicago, IL,
USA). To compare the differences between two groups
(continuous variable) and calculate the P-value, Stu-
dent’s t-test was applied. For nonparametric data,
Mann–Whitney test was applied. Chi-square test of pro-
portions was also employed wherever applicable.

A comparison of response was done with degree of
differentiation, tumor stage at presentation, site of
origin, maximum tumor diameter and volume at presen-
tation, and optimal technique.

RESULTS

Fifteen patients were evaluated at the end of intra-
arterial treatment protocol. All the patients were acces-
sible for response and toxicity evaluation. Pretreatment
characteristics are presented in Table 1.

Intra-arterial chemotherapy
A total of 49 arteries were cannulated in 15 patients. Of
these, 36 were superior thyroid (73.46%), 10 lingual
(20.4%) and only 3 were facial arteries (6.12%). Five
patients were treated for bilateral disease by cannulation
of both the superior thyroid arteries. Arterial cannula-
tion was considered optimal for a given patient if

Figure 1 Anteroposterior (a) and lateral (b) angiogram
images of selective superior thyroid artery (thick arrows) injec-
tion show no significant tumor blush. Using a coaxial catheter
system (4F VERT slip catheter and microcatheter, marked with
arrowhead), one of the branches (thin arrows) of superior
thyroid artery was cannulated for super-selective intra-arterial
cisplatin infusion.
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series. Sugimoto reported eight cases of primary lung
cancer which showed a thin-walled cavity on a chest
X-ray and CT in 2007 in Japanese, which is the largest
group of a resembling report so far.12 In this study, we
collected 15 cases with lung cancer presenting as cysts.
We defined lung cancer of this type as cystic lung cancer.

Like solid tumor, cystic lung cancer presents bron-
chopulmonary symptoms. Some patients are asymptom-
atic and cysts were observed by chest X-ray or CT by
chance. The average observation period before diagnosis
was 9.2 weeks in this series. Anti-tuberculosis drugs
were often taken several months before obtaining defi-
nite diagnosis. This suggests that the diagnosis of cystic
lung cancer is difficult on the account of their atypical
features. Therefore, more attention should be paid to
this unusual type of lung cancer in daily clinical practice.

It is difficult to differentiate a malignant cyst from a
benign lesion. High-resolution CT still is the mainstay of
diagnosis in cystic lung cancer. When encountering with
a new cystic lesion in lung without an emphysema and
bullae history, we should raise the suspicion of malig-
nancy. Close follow-up should be proposed for patient.
Farooqi indicated that the finding of an isolated cystic
airspace with increased wall thickness suggest the pos-
sibility of lung cancer at annual repeat CT screening.17

If a cyst shows malignant features on an image, such
as wall irregularity, notching, inhomogeneous thicken-
ing of the wall and an enlargement, it is necessary to
perform surgical intervention. PET seems having no help
for diagnosis in cystic lung cancer.

Ordinary percutaneous needle biopsy and transbron-
chial biopsy rarely get sufficient diagnostic specimen in
cystic lung cancer because of the thin walls. Moreover,
puncture might result in rupture of tumor and pneumo-
thorax. Sputum cytology examination has a poor sensi-
tivity because most cystic lung cancers are peripheral.
Nakahara et al. performed a CT-guided percutaneous
needle washing (PNW) technique in 27 pulmonary thin-
walled cavitary lesions.18 The diagnostic sensitivity of
PNW for malignant diseases was 91%. PNW may be a
good alternative diagnostic technique for pulmonary
thin-walled cavitary lesions when a diagnosis cannot be
established by other techniques.

Traditionally, squamous cell carcinoma was believed
to have a tendency to form thin-walled cavities.19 All five
cases in the Anderson and Pierce series were squamous
cell carcinoma in histology.3 However, an increasing
number of such cavities have recently been reported
among patients with pulmonary adenocarcinoma, espe-
cially with bronchoalveolar carcinoma (BAC, named
as AIS in new classification). In our group, adenocarci-

noma including AIS (formerly named as BAC) and MIA
was the major histology type. Eleven cases were proved
to be adenocarcinoma among 19 patients reported in
last two decades including Sugimoto’s group.6–16 The
other were four cases of squamous cell carcinoma, two
of large cell carcinoma and two of adenosquamous cell
carcinoma in histology. Cavitation has been reported
in up to 7% of patients with AIS, but cysts are rare in
AIS.20,21

Several mechanisms of pulmonary cavity formation
have been proposed:6,11,16,19,22 (i) A check valve mecha-
nism induced by the narrowed airway; (ii) central break-
down of solid lesions due to necrosis, detachment,
abscess formation, enzymatic digestion or thrombus fol-
lowed by expectoration of the debris into the bronchial
tree; (iii) extending cavitation and thinning of the wall
by elastic extraction of surrounding pulmonary tissue;
or (iv) invasion of the disease on the wall of a preexisting
cystic structure such as a bronchogenic cyst or bulla.
Check valve mechanisms are believed to be the possible
causes in most cyst formation.6,11,23 But no sufficient
evidence in pathological changes supported this hypoth-
esis in our data.

Lung cancer arising from bronchogenic cysts or bullae
has been reported in several literatures.24–26 Incidence of
bulla associated lung carcinoma was about 3.5%. But
Sabloff et al. reported that the relative risk of lung cancer
in subjects with bullous disease was approximately 32
times higher than in those without bullous disease.27 The
possible carcinogenic mechanism remains uncertain, but
scar cancers have been proposed by several authors.28

In this series, only one case had an identified history of
bullae. Heavy smoking might cause emphysematous
changes and reduce the strength of surrounding tissues
which might promote cyst formation.19 The three cases in
this study with a history of heavy smoking were shown to
be non-adenocarcinoma. Patients with pulmonary bullae
should have annual chest radiographs or CT to screen for
the potential development of lung cancer in or close to the
bullous disease.

There are also a few reports on congenital cystic
adenomatoid malformation (CCAM) complicated by
lung cancer.29–33 By our knowledge, there are 12 cases
of CCAM associated with lung cancer in English
literatures. Most of them are young except for 1-year-
old patient. The mechanism of lung carcinogenesis
in CCAM has not been defined clearly. Cass et al.34

reported increased cell proliferation and decreased
apoptosis in the lungs of CCAM patients. Thoracic sur-
geons have to keep this rare combination of CCAM and
malignancy in mind.
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of the circumference of the lesion. Each patient’s clinical
course, pathological findings and surgical results were
investigated.

Tumor-nodes-metastasis classification was based on
the International Union Against Cancer 7th edition. The
survival time was measured from the date of surgery to
the date of the most recent follow-up examination.

RESULTS

The incidence of cystic lung cancer was 0.46% (15 of
the 3268) of surgical cases. At same period, 306 patients
with benign solitary pulmonary cysts underwent surgi-
cal operation in our department. “Malignant cyst” inci-
dence was 4.6% (15 of the 321) of surgical cases. Our
series included 12 males and three females with a mean
age of 58.3 years (Table 1). Seven cases were asymptom-
atic and were discovered by chance, whereas eight
had respiratory symptoms. Of these eight patients, six
presented with a cough, four with hemoptysis and one
with a fever. Additionally, only five of the patients had
a history of being a heavy smoker. Only one patient
in all had a history of bullae. Eight of 15 cases had a
routine examination every year and no abnormal sign
was found in past X-ray or CT except for the case with
bullae.

Chest CT revealed solitary cysts with a diameter of
2 to 6 cm in 15 cases. A gradually growing cyst was

observed on a CT scan in three cases before operation
(Fig. 1). No abnormal increase in metabolism was
detected on a PET-CT scan in the four patients. All 15
lesions were found on the periphery of the lung. There
were four patients with emphysema coexistence in CT
scans. The location of the tumor was in the right upper
lobe in four patients, left upper lobe in three patients,
right lower lobe in three, left lower lobe in four and right
middle lobe in one patient respectively.

In all cases, nine patients underwent lobectomy and
five patients underwent wedge resection. Pleural biopsy
was performed in one patient with pleural metastasis.
Nine patients had node-negative, stage I disease, but two
patients had N1 disease, and two patients (13%) had
N2 disease. N3 and M1a disease was confirmed in one
patient each (Table 1).

In our series, adenocarcinoma (n = 11) including
six invasive adenocarcinoma, three adenocarcinoma
in situ (AIS) and two minimally invasive adenocarci-
noma (MIA) was the major type of histology (Fig. 2).
There were two squamous-cell carcinoma cases, one
adenosquamous cell carcinoma and one large cell carci-
noma in other four cases. There were two patients with
synchronous multiple primary lung cancer. One have a
large cell carcinoma in the right middle lobe displaying
as a solid pattern and adenocarcinoma in the lower lobe
presenting as a cyst. The other one have a cystic lesion in
upper lobe and a solid one in lower lobe in left lung. In

Table 1 Clinical characteristics of the 15 patients with thin-walled cystic lung cancer

No. Gender Age Location Procedure Stage Histology
Diagnosis period

(weeks) SI
Survival
(months)

1 M 51 RUL lobectomy IIA LC 20 600 38 alive
2 F 34 RLL biopsy IIIB ADC 24 0 13 dead
3 M 58 RLL lobectomy IIA SCC 8 1200 29 alive
4 M 39 LLL WR IV MIA 4 0 26 dead
5 M 70 RML lobectomy IA AIS 1 0 26 alive
6 F 65 RUL WR IA ADC 32 0 24 alive
7 M 60 LLL lobectomy IA MIA 4 150 23 alive
8 M 77 RUL lobectomy IA AIS 4 0 23 alive
9 M 69 LLL WR IIIA AIS 8 0 22 alive

10 M 57 LUL WR IIIA SCC 16 900 20 alive
11 M 69 RUL WR IA ADC 2 0 20 alive
12 M 45 RML lobectomy IA ADC 8 0 16 alive
13 M 51 LLL lobectomy IA ADC 2 0 12 alive
14 F 58 LUL lobectomy IA ADC 3 0 6 alive
15 M 72 LUL lobectomy IB ASC 2 500 3 alive

ADC, adenocarcinoma; AIS, adenocarcinoma in situ; ASC, adenosquamous cell carcinoma; F, female; LC, large cell carcinoma; LLL, left lower lobe;
LUL, left upper lobe; M, male; MIA, minimally invasive adenocarcinoma; RLL, right lower lobe; RML, right middle lobe; RUL, right upper lobe;
SCC, squamous cell carcinoma; SI, smoking index; WR, wedge resection.
International Union Against Cancer (UICC) 7th edition was used for TNM classification.
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intra-arterial chemotherapy. This improves the drug
concentration and tumor contact while reducing the
systemic toxicity. The intra-arterial protocol initially
employed in this context was called the intra-arterial
cisplatin with radiation.6 This protocol involved intra-
arterial cisplatin with concurrent hyperfractionated
radiotherapy. Early studies used supradose cisplatin,
that is 150 mg/m2 of cisplatin per cycle for four cycles
with fractionated radiotherapy for 7 weeks.6 The results
were encouraging in terms of tumor response but the
toxicity was too high.7 Studies have been conducted
using 100 mg/m2 and even 75 mg/m2 of cisplatin and
these have shown comparable results with acceptable
toxicity.8 Carboplatin has been used in an attempt to
reduce the toxicity.9 Investigators have also used neoad-
juvant intra-arterial chemotherapy in head and neck
cancers, specifically for oral and oropharyngeal cancers.
This form of treatment has further reduced toxicity with
almost comparable results.10

However, no studies have been conducted to show the
efficacy and feasibility of neoadjuvant intra-arterial che-
motherapy followed by the standard concurrent chemo-
radiotherapy or surgery in the setting of laryngeal and
hypopharyngeal cancer.

We conducted a prospective phase II study using
intra-arterial cisplatin in a neoadjuvant setting followed
by concurrent chemoradiotherapy or surgery for
management of patients with advanced laryngeal and
hypopharyngeal cancers. The basis was to evaluate the
response to intra-arterial chemotherapy so as to formu-
late an effective treatment plan early in the management
course and reduce tumor bulk to achieve better organ
preservation with subsequent concurrent chemoradia-
tion or surgery compared to concurrent chemoradio-
therapy alone.

MATERIALS AND METHODS

Study design
From April 2010 to November 2011, 18 patients with
advanced laryngeal and hypopharyngeal cancers (T3/T4
with nodal status up to N2) were recruited in this study.
The protocol was approved by institute ethics commit-
tee. Patients with concurrent malignancies requiring
therapy for other cancers, prior chemotherapy or radio-
therapy, contrast allergy or bleeding diathesis were
considered inappropriate for treatment protocol. Three
patients were excluded from the study: one patient was
found to have active pulmonary tuberculosis at the time
of pretreatment evaluation and two patients did not give

consent for the second session of angiography. Thus,
15 patients finally entered the study.

Pretreatment evaluation
It included medical history, physical examination
(including weight, height and body surface area), labo-
ratory investigations (hemogram, sodium, potassium,
alanine aminotransferase, aspartate aminotransferase,
total bilirubin, creatinine and prothrombin time),
staging endoscopy with biopsy and contrast enhanced
multidetector computed tomography (MDCT) of face
and neck. Tumor volumetry was done using freehand
region of interest technique. Analysis was done keeping
the attenuation limits between 0 and 100 Hounsfield
units to avoid inadvertent inclusion of adjacent cartilage
or air in the laryngeal inlet. Besides the tumor volume,
mean tumor attenuation was also calculated and
assessed.

Patients with normal renal functions and bleeding
parameters were selected for the treatment. Adequate
hydration was ensured prior to intra-arterial chemo-
therapy. Sodium thiosulfate, a neutralizing agent (to
reduce cisplatin toxicity), was not used because of the
regulatory restrictions.

Intra-arterial chemotherapy schedule
All patients were given N-acetyl cysteine 1200 mg in
two divided doses 12 h apart, starting 1 day prior to
procedure, continued on the day of procedure and 1 day
post procedure. Arterial access was obtained in all
patients through a right femoral artery puncture and six
French (F) arterial sheath. External carotid artery angio-
grams were obtained in anteroposterior and lateral pro-
jections to delineate the origin of superior thyroid artery
and any tumor blush (Fig. 1). Subsequently, selective
cannulation of superior thyroid artery on the side of
tumor was done with 4F VERT catheter (slip-cath
Beacon Tip Catheter; Cook, Bloomington, IN, USA). A
2.7 F microcatheter (Progreat, Terumo; Terumo Corpo-
ration, Tokyo, Japan) was used for super-selective can-
nulation of branches of superior thyroid artery. Once the
artery was deemed suitable for injection, 4 mg dexam-
ethasone and 4 mL 7.5% w/v sodium bicarbonate were
injected immediately before the intra-arterial injections
of cisplatin. Intra-tumoral infusion of 40 mg/m2 cispla-
tin was then performed as 2 mL boluses over a period
of 15–20 min performed by hand injections. In five
patients in whom the tumor showed extension across
midline, contralateral superior thyroid artery was also
infused with cisplatin. In case of superior extension
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Most asymptomatic cysts in the lung do not need
surgical treatment. Surgical removal of lung cysts has
been recommended in some “potential hazard cysts”
because of the high incidence of complications in the
form of infection, hemorrhage and rupture produc-
ing pneumothorax. The potential hazard cysts should
concern the presentation of cystic bronchogenic carcino-
mas, apparently innocuous cysts. We believe that the
cases presented here offer further evidence of the need for
early surgery for lung cysts because of the risk of associ-
ated carcinoma. The surgery procedure of cystic lung
cancer is similar as common lung cancer.

Unlike cavitary lung cancer, patients with cystic lung
cancer in this group had a relatively good prognosis. The
principal explanation for this is that the mechanism
of formation for these two types of cancer is different.
Vascular invasion and metastases are more common
in cavitary carcinomas than in non-necrotic, non-
cavitating or necrotic, non-cavitating primary bronchial
carcinomas.19 However, most cystic lung cancers develop
by a check valve mechanism. Secondly, stage of TNM in
this group is relative early and eight cases were stage
IA. Thirdly, five tumors in 15 cases proved to be AIS and
MIA by new classification of lung adenocarcinoma
by International Association for the Study of Lung
Cancer/American Thoracic Society/European Respira-
tory Society,35 which commonly has a good outcome.
Another possible reason is that we are cautious when
patients present with new cystic lesions in the lung
without emphysema and follow-up CT scans are taken
every 3 months. For patients that are less than 60 years of
age with growing cysts or newly arising cysts, surgical
treatment is recommended as soon as possible.

Cystic lung cancer is a rare entity. This atypical pre-
sentation of lung cancer should be kept in mind during
differential diagnosis. Cystic lung cancer could achieve a
good outcome if early diagnosis can be obtained.
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pathology, cystic lesion was invasive adenocarcinoma
and solid one was AIS.

Epidermal growth factor receptor (EGFR) and Kirsten
rat sarcoma viral oncogene homolog (KRAS) mutation

Figure 1 A 34-year-old woman, anti-TB therapy for 6
months. (a) Computed tomography (CT) revealed a thin-
walled cystic lesion in right lower lobe. (b) CT was taken 6
months later. An enlarged thin-walled cystic lesion associated
with interlobar pleural metastasis.

Figure 2 A 69-year-old male. (a) Computed tomography
revealed a thin-walled cystic lesion in left lower lobe. (b) Gross
specimen of cystic lesion. The inner surface of cyst was totally
lined with thin tumor issue. (c) Cyst wall (small arrow)
together with hyperplastic mucinous epithelium (large arrow)
adjacent to the well differentiated mucinous bronchioloalveo-
lar carcinoma (open arrow). (Hematoxylin and eosin, ×100.)
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of the mass to valleculae and tongue base, ipsilateral
lingual artery was also selected for intra-arterial injec-
tion. However, in some cases where superior thyroid
artery could not be cannulated, ipsilateral with or
without contralateral lingual artery was utilized for arte-
rial cisplatin delivery. A second cycle was administered
after 15 days.

A follow-up contrast-enhanced MDCT was per-
formed 25 days after the first cycle. Response evaluation
using tumor volumetry and response evaluation in solid
tumors (RECIST 1.1) was done.11 Based on tumor volu-
metry, patients were grouped into responders and
nonresponders with former showing more than 50%
reduction in tumor volume and latter less than 50%
reduction. Response was classified as complete response
(CR), partial response (PR), stable disease (SD) and
progressive disease (PD). CR referred to disappearance
of all target lesions with reduction in short axis of any
pathological lymph node to <10 mm. PR was achieved
when there was at least a 30% decrease in the sum of
diameters of target lesions. PD meant at least a 20%
increase in the sum of diameters of target lesions or the
appearance of one or more new lesions. SD criteria were
those between PR and PD.

Based on the interim evaluation, patients were subse-
quently treated with chemoradiotherapy or surgery with
postoperative radiotherapy.

Chemoradiotherapy schedule
It comprised of conventional fractionated regimen of
64–70 gray given in 32–35 fractions over 6–7 weeks.
Five to six cycles of intravenous cisplatin were delivered
weekly during the radiotherapy sessions at a dose of
40 mg/m2 body surface area.

Surgery with postoperative radiotherapy
Patients in this group were considered for surgery within
2–3 weeks of the follow-up MDCT and endoscopy.
After a gap of 4–6 weeks following surgery, patients
received postoperative radiotherapy; total dose of 56–64
gray in fractions (5 fractions per week for 6–7 weeks).

Clinical or radiological evaluation was done using
endoscopy and contrast-enhanced computed tomogra-
phy, respectively, following completion of the definitive
treatment protocol. Patients were followed up for the
control of disease.

Statistical analysis
It was performed using Statistical Package for the Social
Sciences software (version 17.0; SPSS, Chicago, IL,
USA). To compare the differences between two groups
(continuous variable) and calculate the P-value, Stu-
dent’s t-test was applied. For nonparametric data,
Mann–Whitney test was applied. Chi-square test of pro-
portions was also employed wherever applicable.

A comparison of response was done with degree of
differentiation, tumor stage at presentation, site of
origin, maximum tumor diameter and volume at presen-
tation, and optimal technique.

RESULTS

Fifteen patients were evaluated at the end of intra-
arterial treatment protocol. All the patients were acces-
sible for response and toxicity evaluation. Pretreatment
characteristics are presented in Table 1.

Intra-arterial chemotherapy
A total of 49 arteries were cannulated in 15 patients. Of
these, 36 were superior thyroid (73.46%), 10 lingual
(20.4%) and only 3 were facial arteries (6.12%). Five
patients were treated for bilateral disease by cannulation
of both the superior thyroid arteries. Arterial cannula-
tion was considered optimal for a given patient if

Figure 1 Anteroposterior (a) and lateral (b) angiogram
images of selective superior thyroid artery (thick arrows) injec-
tion show no significant tumor blush. Using a coaxial catheter
system (4F VERT slip catheter and microcatheter, marked with
arrowhead), one of the branches (thin arrows) of superior
thyroid artery was cannulated for super-selective intra-arterial
cisplatin infusion.

Neoadjuvant intra-arterial chemotherapy 3
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of the circumference of the lesion. Each patient’s clinical
course, pathological findings and surgical results were
investigated.

Tumor-nodes-metastasis classification was based on
the International Union Against Cancer 7th edition. The
survival time was measured from the date of surgery to
the date of the most recent follow-up examination.

RESULTS

The incidence of cystic lung cancer was 0.46% (15 of
the 3268) of surgical cases. At same period, 306 patients
with benign solitary pulmonary cysts underwent surgi-
cal operation in our department. “Malignant cyst” inci-
dence was 4.6% (15 of the 321) of surgical cases. Our
series included 12 males and three females with a mean
age of 58.3 years (Table 1). Seven cases were asymptom-
atic and were discovered by chance, whereas eight
had respiratory symptoms. Of these eight patients, six
presented with a cough, four with hemoptysis and one
with a fever. Additionally, only five of the patients had
a history of being a heavy smoker. Only one patient
in all had a history of bullae. Eight of 15 cases had a
routine examination every year and no abnormal sign
was found in past X-ray or CT except for the case with
bullae.

Chest CT revealed solitary cysts with a diameter of
2 to 6 cm in 15 cases. A gradually growing cyst was

observed on a CT scan in three cases before operation
(Fig. 1). No abnormal increase in metabolism was
detected on a PET-CT scan in the four patients. All 15
lesions were found on the periphery of the lung. There
were four patients with emphysema coexistence in CT
scans. The location of the tumor was in the right upper
lobe in four patients, left upper lobe in three patients,
right lower lobe in three, left lower lobe in four and right
middle lobe in one patient respectively.

In all cases, nine patients underwent lobectomy and
five patients underwent wedge resection. Pleural biopsy
was performed in one patient with pleural metastasis.
Nine patients had node-negative, stage I disease, but two
patients had N1 disease, and two patients (13%) had
N2 disease. N3 and M1a disease was confirmed in one
patient each (Table 1).

In our series, adenocarcinoma (n = 11) including
six invasive adenocarcinoma, three adenocarcinoma
in situ (AIS) and two minimally invasive adenocarci-
noma (MIA) was the major type of histology (Fig. 2).
There were two squamous-cell carcinoma cases, one
adenosquamous cell carcinoma and one large cell carci-
noma in other four cases. There were two patients with
synchronous multiple primary lung cancer. One have a
large cell carcinoma in the right middle lobe displaying
as a solid pattern and adenocarcinoma in the lower lobe
presenting as a cyst. The other one have a cystic lesion in
upper lobe and a solid one in lower lobe in left lung. In

Table 1 Clinical characteristics of the 15 patients with thin-walled cystic lung cancer

No. Gender Age Location Procedure Stage Histology
Diagnosis period

(weeks) SI
Survival
(months)

1 M 51 RUL lobectomy IIA LC 20 600 38 alive
2 F 34 RLL biopsy IIIB ADC 24 0 13 dead
3 M 58 RLL lobectomy IIA SCC 8 1200 29 alive
4 M 39 LLL WR IV MIA 4 0 26 dead
5 M 70 RML lobectomy IA AIS 1 0 26 alive
6 F 65 RUL WR IA ADC 32 0 24 alive
7 M 60 LLL lobectomy IA MIA 4 150 23 alive
8 M 77 RUL lobectomy IA AIS 4 0 23 alive
9 M 69 LLL WR IIIA AIS 8 0 22 alive

10 M 57 LUL WR IIIA SCC 16 900 20 alive
11 M 69 RUL WR IA ADC 2 0 20 alive
12 M 45 RML lobectomy IA ADC 8 0 16 alive
13 M 51 LLL lobectomy IA ADC 2 0 12 alive
14 F 58 LUL lobectomy IA ADC 3 0 6 alive
15 M 72 LUL lobectomy IB ASC 2 500 3 alive

ADC, adenocarcinoma; AIS, adenocarcinoma in situ; ASC, adenosquamous cell carcinoma; F, female; LC, large cell carcinoma; LLL, left lower lobe;
LUL, left upper lobe; M, male; MIA, minimally invasive adenocarcinoma; RLL, right lower lobe; RML, right middle lobe; RUL, right upper lobe;
SCC, squamous cell carcinoma; SI, smoking index; WR, wedge resection.
International Union Against Cancer (UICC) 7th edition was used for TNM classification.
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intra-arterial chemotherapy. This improves the drug
concentration and tumor contact while reducing the
systemic toxicity. The intra-arterial protocol initially
employed in this context was called the intra-arterial
cisplatin with radiation.6 This protocol involved intra-
arterial cisplatin with concurrent hyperfractionated
radiotherapy. Early studies used supradose cisplatin,
that is 150 mg/m2 of cisplatin per cycle for four cycles
with fractionated radiotherapy for 7 weeks.6 The results
were encouraging in terms of tumor response but the
toxicity was too high.7 Studies have been conducted
using 100 mg/m2 and even 75 mg/m2 of cisplatin and
these have shown comparable results with acceptable
toxicity.8 Carboplatin has been used in an attempt to
reduce the toxicity.9 Investigators have also used neoad-
juvant intra-arterial chemotherapy in head and neck
cancers, specifically for oral and oropharyngeal cancers.
This form of treatment has further reduced toxicity with
almost comparable results.10

However, no studies have been conducted to show the
efficacy and feasibility of neoadjuvant intra-arterial che-
motherapy followed by the standard concurrent chemo-
radiotherapy or surgery in the setting of laryngeal and
hypopharyngeal cancer.

We conducted a prospective phase II study using
intra-arterial cisplatin in a neoadjuvant setting followed
by concurrent chemoradiotherapy or surgery for
management of patients with advanced laryngeal and
hypopharyngeal cancers. The basis was to evaluate the
response to intra-arterial chemotherapy so as to formu-
late an effective treatment plan early in the management
course and reduce tumor bulk to achieve better organ
preservation with subsequent concurrent chemoradia-
tion or surgery compared to concurrent chemoradio-
therapy alone.

MATERIALS AND METHODS

Study design
From April 2010 to November 2011, 18 patients with
advanced laryngeal and hypopharyngeal cancers (T3/T4
with nodal status up to N2) were recruited in this study.
The protocol was approved by institute ethics commit-
tee. Patients with concurrent malignancies requiring
therapy for other cancers, prior chemotherapy or radio-
therapy, contrast allergy or bleeding diathesis were
considered inappropriate for treatment protocol. Three
patients were excluded from the study: one patient was
found to have active pulmonary tuberculosis at the time
of pretreatment evaluation and two patients did not give

consent for the second session of angiography. Thus,
15 patients finally entered the study.

Pretreatment evaluation
It included medical history, physical examination
(including weight, height and body surface area), labo-
ratory investigations (hemogram, sodium, potassium,
alanine aminotransferase, aspartate aminotransferase,
total bilirubin, creatinine and prothrombin time),
staging endoscopy with biopsy and contrast enhanced
multidetector computed tomography (MDCT) of face
and neck. Tumor volumetry was done using freehand
region of interest technique. Analysis was done keeping
the attenuation limits between 0 and 100 Hounsfield
units to avoid inadvertent inclusion of adjacent cartilage
or air in the laryngeal inlet. Besides the tumor volume,
mean tumor attenuation was also calculated and
assessed.

Patients with normal renal functions and bleeding
parameters were selected for the treatment. Adequate
hydration was ensured prior to intra-arterial chemo-
therapy. Sodium thiosulfate, a neutralizing agent (to
reduce cisplatin toxicity), was not used because of the
regulatory restrictions.

Intra-arterial chemotherapy schedule
All patients were given N-acetyl cysteine 1200 mg in
two divided doses 12 h apart, starting 1 day prior to
procedure, continued on the day of procedure and 1 day
post procedure. Arterial access was obtained in all
patients through a right femoral artery puncture and six
French (F) arterial sheath. External carotid artery angio-
grams were obtained in anteroposterior and lateral pro-
jections to delineate the origin of superior thyroid artery
and any tumor blush (Fig. 1). Subsequently, selective
cannulation of superior thyroid artery on the side of
tumor was done with 4F VERT catheter (slip-cath
Beacon Tip Catheter; Cook, Bloomington, IN, USA). A
2.7 F microcatheter (Progreat, Terumo; Terumo Corpo-
ration, Tokyo, Japan) was used for super-selective can-
nulation of branches of superior thyroid artery. Once the
artery was deemed suitable for injection, 4 mg dexam-
ethasone and 4 mL 7.5% w/v sodium bicarbonate were
injected immediately before the intra-arterial injections
of cisplatin. Intra-tumoral infusion of 40 mg/m2 cispla-
tin was then performed as 2 mL boluses over a period
of 15–20 min performed by hand injections. In five
patients in whom the tumor showed extension across
midline, contralateral superior thyroid artery was also
infused with cisplatin. In case of superior extension
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