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a b s t r a c t

Most patients with central type lung cancer (CTLC) are not candidates for surgery; systemic chemother-
apy and external beam radiotherapy are the main treatments but have not greatly affected patient out-
come. Combined percutaneous and endobronchial cryotherapy has been used successfully to treat CTLC;
this study aimed to determine its feasibility and safety. Forty-seven patients with unresectable CTLC (22
endotracheal, 26 tracheal wall and 21 extratracheal tumors) underwent 69 sessions of combined percu-
taneous cryosurgery, endobronchial cryosurgery and airway stenting. The long diameter of all tumors
was <5 cm. Biopsy showed non-small cell lung cancer (NSCLC) in 40 patients (medium or well differen-
tiated in 20 cases, poorly differentiated in 20) and small cell lung cancer (SCLC) in seven. Within 3 days
after treatment, ventilatory capacity and performance status had obviously increased and cough, signs of
dyspnea, hemoptysis and atelectasis improved significantly, but symptoms of pneumothorax and pleural
effusion emerged. After 2 weeks, all complications had disappeared completely, as had cough.
Progression-free survival (PFS) for endotracheal tumors (8 ± 4 months) was shorter than that for tracheal
wall (13 ± 6 months, P < 0.05) and extratracheal (14 ± 8 months, P < 0.01) tumors. The PFS of NSCLC
(11 ± 5 months) was significantly longer than that of SCLC (4 ± 2 months, P < 0.0001). The PFS of medium
or well differentiated CTLC (15 ± 8 months) was significantly longer than that of poorly differentiated
CTLC (7 ± 3 months, P < 0.0001). In conclusion, combined cryotherapy is a safe and effective treatment
for CTLC, with PFS largely influenced by tumor location and pathologic type.

� 2013 Elsevier Inc. All rights reserved.

Introduction

Central type lung cancer (CTLC) is defined as lung cancer lo-
cated in close proximity to the trachea, bronchial tree, major ves-
sels, esophagus or heart. Most patients with CTLC are unsuitable
for surgery because of the tumor location, metastatic disease, poor
respiratory function or other major organ problems. Approxi-
mately 30% of lung cancer patients present with a large carcinoma
obstructing the trachea or main bronchi and causing distressing
atelectasis, cough, breathlessness, hemoptysis and recurrent infec-
tions; such tumors may lead to gradual asphyxiation [1]. It is

important to both alleviate these symptoms and improve the sur-
vival of patients with CTLC.

Cryosurgery, which induces cell necrosis by alternate freezing
and thawing of target tissue, has emerged as a minimally invasive
curative technique for lung cancer [18,19,27,29]. For the treatment
of CTLC, cryotherapy has many advantages, including good visibility
of the ice ball on computed tomography (CT), complete necrosis of
the area covered by the ice ball [9,17,24], less damage to collagen
rich structures (e.g. large vessels and airways) [11,14], avoidance
of damage to the inferior vena cava [2,25], less postoperative pain,
and low morbidity and mortality [14,27]. Cryosurgery can be per-
formed under CT guidance using thin needles to puncture extra-
bronchial tumors and induce tissue necrosis, or can be conducted
via an endobronchial approach to clear obstruction of the trachea
and bronchus using a flexible bronchoscope [8]. We conducted a
retrospective review of 47 patients with CTLC identified from our
hospital’s database. Patients with extrabronchial tumors under-
went percutaneous cryoablation; those with endobronchial tumors
underwent endobronchial cryosurgery and airway stenting.
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Material and methods

Ethics

The study protocol received ethical approval from the Regional
Ethics Committee of Guangzhou Fuda Cancer Hospital. Written in-
formed consent was obtained from each participant in accordance
with the Declaration of Helsinki.

Patient selection

Between October 2010 and October 2012, 47 patients with CTLC
met our inclusion criteria and were enrolled in the study. Surgery,
radiation therapy and chemotherapy were deemed unsuitable in
any of the following circumstances: patient physically unable to
survive pneumonectomy; unresectable tumor (invasion of proxi-
mal pulmonary artery, proximal pulmonary vein or chest wall
[15]); patient refused to undergo chemoradiation therapy; patient
seeking further treatment after failure of previous surgery or
chemoradiation therapy; and advanced age. Ideal patients for cryo-
ablation are those with: platelet count P80 � 109/l; white blood
cell count P3 � 109/l; neutrophil count P2 � 109/l; hemoglobin
P90 g/l; normal heart function; and absence of level 3 hyperten-
sion, severe coronary disease, myelosuppression, brain metastasis,
respiratory disease, and acute and chronic infection.

The diagnosis of CTLC in all patients was confirmed by CT and
radiography; pathologic type was determined by fine needle aspi-
ration biopsy, hematoxylin and eosin staining and immunohisto-
chemical staining. Intra- and extrapulmonary tumors were
distinguished by CT and positron emission tomographic CT.
Thirty-one patients had stage IV disease (three metastases in
pleura, 15 in contralateral lung, five in liver and 16 in bone) and
18 patients had stage III disease (hilar lymph node metastases in
eight, mediastinal lymph node metastases in 10).

Percutaneous cryosurgery

Percutaneous cryosurgery was performed in patients with
endotracheal, tracheal wall or extratracheal CTLC. After induction
of general anesthesia, a single cryoprobe (1.7 mm in diameter;
Endocare, Irvine, CA) was inserted through the rib space into the
center of each extratracheal tumor under CT guidance and from
the front of the body (Fig. 1A). Cryosurgery was then conducted
using an argon gas based cryosurgical unit (Endocare); two
freeze/thaw cycles were performed, each reaching a temperature
of �180 �C at the tip of the probe. The duration of freezing was
dependent on the achievement of an ice ball visible as a low den-
sity area on CT; generally, the maximal freezing time was 15 min,
with thawing for 5 min. A margin of at least 0.5 cm of normal tis-
sue was frozen circumferentially around extratracheal tumors. In
addition to cryoablation of the primary tumor, lymph node and
distant metastases were ablated during the same procedure. The
tract formed by the cryoprobe was sealed off with fibrin glue
immediately after removal of the probe to ensure hemostasis.

Endobronchial cryosurgery

In patients with endotracheal CTLC, endobronchial cryosurgery
was performed first to treat the endobronchial part, followed by
percutaneous cryosurgery to treat the extrabronchial part. After
induction of short acting intravenous general anesthesia, cryosur-
gery was undertaken using a flexible bronchoscope (2.4 mm) and
a Joule–Thomson type probe (Spembly Medical, Andover, UK), with
nitrous oxide as the cryogen. A temperature of approximately
�70 �C was achieved at the probe tip. The distal tip of the broncho-

scope was placed about 5 mm above the lesion and the cryoprobe
was inserted through the bronchoscope and applied to the tumor.
The tumor was frozen for about 3 min until completely covered by
the ice ball. Smaller tumors were pulled out immediately with the
probe; for tumors that covered wider areas of the bronchial tree,
the above treatment was repeated several times to remove the ne-
crotic tumor material. Biopsy forceps were used to clear any
remaining tumor.

After endobronchial cryosurgery, the trachea and bronchus
could be seen to be completely clear of obstruction. The patency
rate after first cryosurgery was usually more than 60% and reached
100% after two or three sessions. Atelectasis was relieved quickly
after airway patency had been achieved (Fig. 1B). Bleeding from
the site of biopsy or cryosurgery was contained by local spraying
of epinephrine (adrenaline; concentration 1:1000) and thrombase;
severe cases were treated by direct pressure with a dry cotton ball
or with an argon knife.

Airway stenting

In patients with extratracheal CTLC, airway stenting was con-
sidered in those in whom it was impossible to restore more than
50% of the lumen even after airway dilatation or who required re-
peated airway dilatation. One to three airway stents were used
according to the situation of the airway obstruction [22]; Ultraflex
tracheobronchial stents (Boston Scientific, Natick, MA), Dynamic
(Y) stent systems (Boston Scientific) and AERO stents (Merit Med-
ical Endotek, South Jordan, UT) were used. Ultraflex stents com-
prise a single strand nitinol alloy and are available in both
covered and uncovered models; the AERO tracheobronchial stent
is a fully covered hybrid stent (Fig. 1C). Covered stents were gener-
ally used for patients with endoluminal disease, whereas uncov-
ered stents were used for patients with airway obstruction due
to external compression. Dynamic (Y) stents were used for carinal
disease or tracheoesophageal fistula. The diameter of the bronchial
stents was 12–14 mm and that of the tracheal stents was
16–20 mm.

Postoperative management

Vital signs after cryosurgery were monitored routinely for
6–24 h along with oxygen uptake and atomization inhalation.
The patients were encouraged to cough and expectorate early
post-surgery. The effects of treatment and respiratory function
were assessed 1 week after the procedure. Forced expiratory vol-
ume in one second (FEV1) and forced vital capacity (FVC) were
measured using a Microlab 3000 turbine spirometer (KeTai
Medical Instrument Co. Ltd., Ningbo, China); patients in whom
the trachea or bronchus was still blocked were treated again. Kar-
nofsky Performance Status (KPS) and Zubrod/Eastern Cooperative
Oncology Group/World Health Organization Performance Status
(ZPS) scores were used to evaluate the patients’ performance status
before and after combined cryotherapy [15].

Evaluation and statistical analysis

Complications were recorded and classified in accordance with
the Common Terminology Criteria of Adverse Events v4.0. Radio-
graphic local tumor control was assessed using image-guided tu-
mor ablation criteria [4]. For patients with preoperative
obstructive atelectasis, relief of obstruction was checked within
1 week after treatment by chest radiography (Fig. 1D). Follow-up
dynamic CT was performed at 1 month intervals. The revised Re-
sponse Evaluation Criteria in Solid Tumors v1.1 were used to assess
the response of thymomas [3]. Three diagnostic radiologists
reviewed the CT scans for every case to determine whether
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progression or recurrence had occurred. A Wilcoxon matched pairs
signed rank sum test was performed on the clinical findings to
identify any differences between pre- and post-cryosurgery mea-
surements. Progression-free survival (PFS) was calculated from
the date of each session of cryosurgery. The effect of tumor location
on PFS was examined using Bonferroni’s multiple comparison
tests; the effect of pathologic type was evaluated using Kaplan–
Meier analysis with the log-rank test. Statistically significant dif-
ferences were indicated by P < 0.05. All analyses were conducted
using GraphPad software (San Diego, CA).

Results

Clinical data

Informed consent was obtained from all 47 patients for all 69
sessions. Twenty-two patients were from China, 14 from Southeast
Asia and 11 from the Middle East. All patients were diagnosed with
CTLC in other centers and came to our hospital for cryosurgery.
When they were first seen in our hospital, their ages ranged from
31 to 82 years, with a mean age of 57 years. Twenty-two patients
had endotracheal pulmonary tumors, 26 had tumors of the tracheal
wall and 21 had extratracheal tumors. Seven patients had small
cell lung cancer (SCLC) and 40 had non-small cell lung cancer
(NSCLC). Twenty-three tumors were adenocarcinomas and 17 were
squamous cell carcinomas; 20 tumors were medium or well differ-
entiated and 20 were poorly differentiated. The 47 patients under-
went 69 sessions of combined cryotherapy (one for 32 patients,
two for 10 patients, three for three patients and four for two pa-
tients). All pulmonary tumors were solitary and the long diameter
of extratracheal parts was in all cases less than 5 cm.

Perioperative outcomes

All cryosurgical procedures for CTLC were performed success-
fully, with no treatment related deaths or conversions to chemo-
therapy. The results of respiratory function tests, performance
status scores and symptoms before and 3 days after combined
cryotherapy are given in Table 1. After 2 weeks, all complications
had disappeared completely, as had cough.

PFS after cryosurgery

In all cases, endotracheal, tracheal wall and extratracheal CTLCs
were removed by combined cryosurgery. Recurrence and progres-
sion of disease were monitored by CT. Following 69 sessions of cryo-
surgery, the overall PFS was 11 ± 7 months (95% CI 9–13 months);
the PFS for endotracheal tumors (n = 22, 8 ± 4 months; Fig. 2A)
was shorter than that for tracheal wall (n = 26, 13 ± 6 months,
P < 0.05) and extratracheal (n = 21, 14 ± 8 months, P < 0.01) tumors.
The PFS for NSCLC (n = 59, 11 ± 5 months; Fig. 2B) was significantly
longer than that for SCLC (n = 10, 4 ± 2 months, P < 0.0001); the PFSs
for adenocarcinoma (n = 33, 12 ± 9 months; Fig. 2C) and squamous
cell carcinoma (n = 26, 11 ± 6 months, P = 0.7217) were not statisti-
cally different. The PFS of medium or well differentiated CTLC
(n = 32, 15 ± 8 months; Fig. 2D) was significantly longer than that
of poorly differentiated CTLC (n = 27, 7 ± 3 months, P < 0.0001).

Discussion

The location of CTLC can be classified as endotracheal, tracheal
wall or extratracheal. For endotracheal CTLC, many thermal ablation

Fig. 1. Combined cryotherapy for central type lung cancer (CTLC). (A) During (left; arrow head shows the cryoprobe and low density cryozone) and 3 months after (right)
percutaneous cryoablation, an extratracheal tumor was eliminated under computed tomography guidance. (B) Before (left; arrow head shows the intratracheal tumor) and
after (right) endobronchial cryosurgery, an endotracheal tumor was eliminated on bronchoscopy. (C) Before (left; arrow head shows stenosis of the tracheal wall) and after
(right) airway stenting, pressure caused by an extratracheal tumor was removed on bronchoscopy. (D) Before (left; arrow head shows atelectasis caused by CTLC) and after
(right) combined cryotherapy, segmental atelectasis was removed under radiographic guidance.

Table 1
Clinical findings in 47 patients undergoing combined cryotherapy. Measurements
were made before and within 3 days after 69 sessions of treatment and analyzed
using a Wilcoxon matched pairs signed rank sum test.

Before cryosurgery After cryosurgery P value
(Mean ± SD) (Mean ± SD)

FEV1 (litres) 1.41 ± 0.58 1.94 ± 0.49 <0.05
FVC (litres) 1.89 ± 0.65 2.25 ± 0.59 <0.05
KPS 50 ± 6 75 ± 7 <0.05
ZPS 3.1 ± 0.8 2.1 ± 0.6 <0.05

% of all sessions % of all sessions
Cough 87.6 64.2 <0.01
Dyspnea 96.3 54.6 <0.001
Haemoptysis 10.2 6.1 <0.05
Chest pain 34.5 32.4 >0.05
Atelectasis 21.4 0 <0.001
Pneumothorax 0 18.2 <0.001
Pleural effusion 10.5 30.3 <0.001
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approaches have been developed to relieve the distressing breath-
lessness, cough and obstructive pneumonia and improve respira-
tory function and performance status, including photodynamic
therapy [7,26], brachytherapy [20,21], laser therapy [6], airway
stenting [22] and endobronchial cryosurgery [15]. Among patients
with extratracheal CTLC, only a minority are candidates for surgery
[12,16,30], and chemotherapy and external beam radiation therapy
have not greatly affected patient outcomes [5,23]. However, many
thermal ablation methods can significantly improve quality of life
and prolong survival time, including radiofrequency ablation,
microwave ablation and cryoablation [25]. Cryotherapy can be per-
formed simultaneously on extratracheal CTLC and endotracheal tu-
mors. In the present study, endobronchial cryotherapy and airway
stenting were used for endobronchial tumors and percutaneous
cryosurgery for extratracheal tumors in 47 patients, and lung func-
tion, complications and PFS were assessed.

Because most CTLC patients suffer atelectasis, cough, breath-
lessness, hemoptysis and recurrent infections, and because these
tumors may cause gradual asphyxiation and death [1], relief of
symptoms and improvement of respiratory function are of great
importance in the treatment of CTLC. In the present study, cough,
dyspnea, hemoptysis, chest pain, atelectasis, pneumothorax and
pleural effusion were the predominant complications after cryo-
surgery, but with symptomatic treatment all had disappeared
completely 2 weeks after the procedure. Within 3 days after treat-
ment, FEV1 and FVC, which were measured to evaluate respiratory
function, had markedly increased, and increased KPS and de-
creased ZPS scores indicated obvious improvement of ventilatory
capacity (Table 1) due to relief of obstruction of the trachea or
main bronchus. Symptoms of pneumothorax and pleural effusion
increased significantly after cryosurgery and may have been
related to lung or bronchial injury caused by the procedure.

PFS was used to access the therapeutic effect of cryotherapy.
The overall PFS was 11 ± 7 months. Regular chest CT demonstrated

recurrence and progression of disease in all patients within
38 months after treatment. This finding shows that cryosurgery
cannot completely ablate tumor and has only a palliative effect.
Patients with recurrent disease need further cryosurgery to allevi-
ate their symptoms. We also analyzed PFS according to tumor
location, pathologic type and differentiation status. The PFS for
endotracheal tumors was shorter than that for tracheal wall and
extratracheal tumors (Fig. 2A), possibly because endotracheal tu-
mors are more difficult to ablate and minimal residual tumor
may be the source of recurrence. Because the growth rate and met-
astatic ability of SCLC are much greater than those of NSCLC
[13,31], it is unsurprising that the PFS for NSCLC (n = 59,
11 ± 5 months; Fig. 2B) was significantly longer than that for SCLC
(n = 10, 4 ± 2 months, P < 0.0001). Although the biological charac-
teristics of adenocarcinoma and squamous cell carcinoma are
quite different [10], their PFSs (n = 33, 12 ± 9 months and n = 26,
11 ± 6 months, respectively, P = 0.7217; Fig. 2C) were not statisti-
cally different. Differentiation status may reflect growth rate and
metastatic ability [28], and the PFS of medium and well differenti-
ated CTLC (n = 32, 15 ± 8 months; Fig. 2D) was significantly longer
than that of poorly differentiated CTLC (n = 27, 7 ± 3 months,
P < 0.0001). Thus, the PFS of CTLC patients treated with cryother-
apy was closely related to tumor location, pathologic type and dif-
ferentiation status. For patients with poorly differentiated SCLC or
endotracheal tumors, PFS is relatively short and another therapy
such as iodine-125 seeds [18,19] or chemotherapy may be needed
to prolong survival.

In conclusion, our results suggest that combined cryotherapy is
a relatively safe and feasible treatment modality for CTLCs that are
unsuitable for resection. We will continue to monitor our patients
for their long term outcome. Given the embryonic nature of cryo-
therapies and their combination, it is reasonable to expect im-
proved outcomes with additional refinements in technique and
randomized controlled trials.

Fig. 2. Effect of tumor characteristics on progression-free survival (PFS). (A) Tumor location. Bonferroni’s multiple comparison test was used. Horizontal lines in the scatter
dot plot represent the mean and standard deviation; ⁄P < 0.05, ⁄⁄P < 0.01. (B) NSCLC, non-small cell lung cancer; SCLC, small cell lung cancer. (C) Pathologic type. (D) Degree of
differentiation. The log-rank test was used.

228 Z. Zhikai et al. / Cryobiology 67 (2013) 225–229



Author's personal copy

References

[1] C.T. Bolliger, M. Soler, M. Tamm, A.P. Perruchoud, Combination endobronchial
and conventional therapy possibilities in inoperable central lung tumors,
Schweiz. Med. Wochenschr. 125 (1995) 1052–1059.

[2] S. Eggstein, H. Neeff, M. Szarzynski, W. Jungraithmayr, J. Haberstroh, G. Kirste,
A. Schmitt-Graeff, E.H. Farthmann, Hepatic cryotherapy involving the vena
cava. Experimental study in a pig liver model, Eur. Surg. Res. 35 (2003) 67–74.

[3] E.A. Eisenhauer, P. Therasse, J. Bogaerts, L.H. Schwartz, D. Sargent, R. Ford, J.
Dancey, S. Arbuck, S. Gwyther, M. Mooney, L. Rubinstein, L. Shankar, L. Dodd, R.
Kaplan, D. Lacombe, J. Verweij, New response evaluation criteria in solid
tumours: revised RECIST guideline (version 1.1), Eur. J. Cancer 45 (2009) 228–
247.

[4] S.N. Goldberg, C.J. Grassi, J.F. Cardella, J.W. Charboneau, G.D. Dodd 3rd, D.E.
Dupuy, D. Gervais, A.R. Gillams, R.A. Kane, F.T. Lee Jr., T. Livraghi, J. McGahan,
D.A. Phillips, H. Rhim, S.G. Silverman, Image-guided tumor ablation:
standardization of terminology and reporting criteria, J. Vasc. Interv. Radiol.
16 (2005) 765–778.

[5] C.J. Haasbeek, F.J. Lagerwaard, B.J. Slotman, S. Senan, Outcomes of stereotactic
ablative radiotherapy for centrally located early-stage lung cancer, J. Thorac.
Oncol. 6 (2011) 2036–2043.

[6] G. Hansen, A. Sundset, Transbronchial laser ablation of benign and malignant
tumors, Minim. Invasive Ther. Allied Technol. 15 (2006) 4–8.

[7] N. Ikeda, J. Usuda, H. Kato, T. Ishizumi, S. Ichinose, K. Otani, H. Honda, K.
Furukawa, T. Okunaka, H. Tsutsui, New aspects of photodynamic therapy for
central type early stage lung cancer, Lasers Surg. Med. 43 (2011)
749–754.

[8] S.H. Lee, W.J. Choi, S.W. Sung, Y.K. Kim, C.H. Kim, J.I. Zo, K.J. Park, Endoscopic
cryotherapy of lung and bronchial tumors: a systematic review, Korean J.
Intern. Med. 26 (2011) 137–144.

[9] J. Li, J. Chen, L. Zhou, J. Zeng, F. Yao, B. Wu, G. Fang, C. Deng, Z. Chen, Y. Leng, K.
Xu, L. Niu, J. Zuo, Comparison of dual- and triple-freeze protocols for hepatic
cryoablation in a Tibet pig model, Cryobiology 65 (2012) 68–71.

[10] L. Li, J. Zhu, S.X. Guo, Y. Deng, Bicluster and regulatory network analysis of
differentially expressed genes in adenocarcinoma and squamous cell
carcinoma, Genet. Mol. Res. 12 (2013) 1710–1719.

[11] P.J. Littrup, A. Mody, R. Sparschu, P. Prchevski, J. Montie, A.P. Zingas, D.
Grignon, Prostatic cryotherapy: ultrasonographic and pathologic correlation in
the canine model, Urology 44 (1994) 175–183;
(discussion 183–174)

[12] D. Liu, Y. Guo, B. Shi, Y. Tian, Z. Song, Q. Ma, Z. Zhang, B. Ge, Tracheal carinal
reconstruction and bronchovasculoplasty in central type bronchogenic
carcinoma, Zhongguo. Fei. Ai. Za. Zhi. 13 (2010) 352–356.

[13] P.C. Ma, T. Kijima, G. Maulik, E.A. Fox, M. Sattler, J.D. Griffin, B.E. Johnson, R.
Salgia, C-MET mutational analysis in small cell lung cancer: novel
juxtamembrane domain mutations regulating cytoskeletal functions, Cancer
Res. 63 (2003) 6272–6281.

[14] M.O. Maiwand, The role of cryosurgery in palliation of tracheo-bronchial
carcinoma, Eur. J. Cardiothorac. Surg. 15 (1999) 764–768.

[15] M.O. Maiwand, G. Asimakopoulos, Cryosurgery for lung cancer: clinical results
and technical aspects, Technol. Cancer. Res. Treat. 3 (2004) 143–150.

[16] R. Nakanishi, Y. Fujino, S. Oka, S. Odate, Video-assisted thoracic surgery
involving major pulmonary resection for central tumors, Surg. Endosc. 24
(2010) 161–169.

[17] L. Niu, J. Li, J. Chen, L. Zhou, B. Wu, J. Zeng, G. Fang, C. Deng, F. Yao, Z. Chen, Y.
Leng, M. Deng, B. Zhang, M. Liao, K. Xu, J. Zuo, Comparison of dual- and triple-
freeze protocols for pulmonary cryoablation in a Tibet pig model, Cryobiology
64 (2012) 245–249.

[18] L. Niu, K. Xu, F. Mu, Cryosurgery for lung cancer, J. Thorac. Dis. 4 (2012) 408–
419.

[19] L. Niu, L. Zhou, K. Xu, F. Mu, Combination of cryosurgery and Iodine-125 seeds
brachytherapy for lung cancer, J. Thorac. Dis. 4 (2012) 504–507.

[20] M. Perol, R. Caliandro, P. Pommier, C. Malet, X. Montbarbon, C. Carrie, J.M.
Ardiet, Curative irradiation of limited endobronchial carcinomas with high-
dose rate brachytherapy. Results of a pilot study, Chest 111 (1997) 1417–1423.

[21] A. Raben, B. Mychalczak, Brachytherapy for non-small cell lung cancer and
selected neoplasms of the chest, Chest 112 (1997) 276S–286S.

[22] S.S. Razi, R.S. Lebovics, G. Schwartz, M. Sancheti, S. Belsley, C.P. Connery, F.Y.
Bhora, Timely airway stenting improves survival in patients with malignant
central airway obstruction, Ann. Thorac. Surg. 90 (2010) 1088–1093.

[23] B.P. Rowe, D.J. Boffa, L.D. Wilson, A.W. Kim, F.C. Detterbeck, R.H. Decker,
Stereotactic body radiotherapy for central lung tumors, J. Thorac. Oncol. 7
(2012) 1394–1399.

[24] G.A. Sandison, M.P. Loye, J.C. Rewcastle, L.J. Hahn, J.C. Saliken, J.G. McKinnon,
B.J. Donnelly, X-ray CT monitoring of iceball growth and thermal distribution
during cryosurgery, Phys. Med. Biol. 43 (1998) 3309–3324.

[25] P.D. Sonntag, J.L. Hinshaw, M.G. Lubner, C.L. Brace, F.T. Lee Jr., Thermal ablation
of lung tumors, Surg. Oncol. Clin. N. Am. 20 (ix) (2011) 369–387.

[26] J. Usuda, S. Ichinose, T. Ishizumi, H. Hayashi, K. Ohtani, S. Maehara, S. Ono, H.
Honda, N. Kajiwara, O. Uchida, H. Tsutsui, T. Ohira, H. Kato, N. Ikeda, Outcome
of photodynamic therapy using NPe6 for bronchogenic carcinomas in central
airways >1.0 cm in diameter, Clin. Cancer. Res. 16 (2010) 2198–2204.

[27] H. Wang, P.J. Littrup, Y. Duan, Y. Zhang, H. Feng, Z. Nie, Thoracic masses treated
with percutaneous cryotherapy: initial experience with more than 200
procedures, Radiology 235 (2005) 289–298.

[28] L. Xu, F. Tavora, A. Burke, Histologic features associated with metastatic
potential in invasive adenocarcinomas of the lung, Am. J. Surg. Pathol. 37
(2013) 1100–1108.

[29] Y. Yamauchi, Y. Izumi, K. Hashimoto, H. Yashiro, M. Inoue, S. Nakatsuka, T.
Goto, M. Anraku, T. Ohtsuka, M. Kohno, M. Kawamura, H. Nomori,
Percutaneous cryoablation for the treatment of medically inoperable stage I
non-small cell lung cancer, PLoS ONE 7 (2012) e33223.

[30] R. Yin, L. Xu, B. Ren, F. Jiang, X. Fan, Z. Zhang, M. Li, Z. Hu, Clinical experience of
lobectomy with pulmonary artery reconstruction for central non-small-cell
lung cancer, Clin. Lung Cancer 11 (2010) 120–125.

[31] S. Zhang, K. Shao, C.Y. Zhang, F. Zhou, W. Wang, M.H. Xiong, J. He, Analysis of
suppressive role of RASSF1A gene at 3p21.3 in lung cancer cell line A549,
Zhonghua. Yi. Xue. Za. Zhi. 85 (2005) 908–911.

Z. Zhikai et al. / Cryobiology 67 (2013) 225–229 229




