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Background: According to guidelines, it is recommended that pulmonary nodules be discussed by
a multidisciplinary team (MDT); however, the evidence for the effectiveness of MDT is sparse. To
demonstrate the importance of the involvement of an MDT for the prediction of small solitary pulmonary
nodules, we conducted this retrospective study.
Methods: The patient database of those who attended our MDT and the electronic medical record system
of our hospital was used; we collected all the data from patients found with small solitary pulmonary nodules
(≤2 cm), which were suspected as malignant and who received a resection of the nodules. We summarized
their characteristics and analyzed them, and then compared the post-operation pathological diagnosis of the
patients who attended an MDT to those who did not participate in an MDT during the same period (2017–
2019.2). We also collected the follow-up data. Propensity-score-matching was utilized during the process of
analysis to get a more reliable conclusion.
Results: Most of the qualified patients were female. Most of the small solitary pulmonary nodules
(≤2 cm) were adenocarcinoma and located on the right upper lobe. There were no differences in the SUV
value between malignant nodules and benign nodules. After propensity-score matching, the total positive
prediction value of small solitary pulmonary nodules (≤2 cm) without an MDT was 69.4%, while that with
MDT was 77.6%; the difference was not significant with a P value of 0.30. The negative predictive value of
MDT was 76.2%.
Conclusions: In developing countries, small solitary pulmonary nodules tend to be more correctly
diagnosed with MDT.
Keywords: Small solitary pulmonary nodule; multidisciplinary team (MDT); propensity-score-matching; positive
prediction value; negative prediction value
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Introduction

2% 5-year survival rate, while stage IA boasts a 73% 5-year

Lung cancer is still the leading cause of cancer-related
deaths worldwide (1,2). The 5-year survival rate for lung
cancer patients at any stage is 18%, and the survival rate
increases as the stage declines. For example, stage IV has a
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survival rate after complete resection (3). Adenocarcinoma
in situ, the 5-year disease-free survival after resection
can even reach 100% (4). The earlier we detect and treat
lung cancer, the better the prognosis. CT screening is a
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frequently used strategy for detecting early stage lung cancer.
In the US National Lung Screening Trial, researchers found
that CT screening could reduce lung cancer mortality by up
to 20% (5).
A pulmonary nodule is defined as a single, wellcircumscribed, spherical with a diameter ≤3 cm, surrounded
by lung tissue, and which is not associated with hilar
enlargement, atelectasis, or pleural effusion (6). With
the popularization of computed tomography (CT)
screening worldwide, more and more pulmonary nodules
have been found (7). Most of them are benign, but the
primary concern is in the identification of malignancy.
The right prediction could avoid unnecessary surgery
in patients with benign lesions (8). All modalities show
lower sensitivity for nodules, whose diameter is ≤2 cm and
whose sensitivity is about 33% (9). How should we tackle
these nodules? How should we avoid over-diagnosis and
overtreatment? A series of international guidelines were
produced to address this universal problem (10,11). In
the guidelines, which are mostly published in developed
countries, pulmonary nodules are highly recommended to
be discussed by a multidisciplinary team (MDT). However,
the recommendation is built on intuition rather than solid
evidence. In some developing countries, such as China,
where pulmonary tuberculosis is much more prevalent than
western developed countries (12), is an MDT still necessary
for patients with small pulmonary nodules? Can the
patients receive a correct diagnosis for their nodules using
an MDT? To answer these questions and to measure the
benefits of MDT for pulmonary nodules in the real world,
we conducted a retrospective study in our department, a top
20 cancer institute in China.
Methods
Introduction of our center and the MDT
Our center and the MDT were introduced in our earlier
study (13). Both our hospital and our research center
currently ranks in the top 20 of comprehensive tertiary care
hospitals and cancer institutes in China.
The MDT for thoracic tumors in our center was
established in December 2016. It consists of a full-time
secretary who is an oncology physician and a senior
oncologist who takes charge of the MDT. An MDT meeting
is conducted once a week. The director of our center serves
as a chairman of the MDT meeting and provides a strategic
conclusion for the team. The patients whose cases are
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presented at our MDT can be referred by any specialists
from any department of our hospital. The patients with
lung nodules who are recommended to MDT should meet
the following criteria: (I) having a nodule for which getting
a biopsy before operation is relatively difficult; (II) different
opinions from two specialists about the diagnosis or
different treatment recommendations for the same patient.
Customarily, once the patient arrives at the office of our
MDT, the secretary will record their case history, perform
the necessary examinations, and collect any relevant tests or
radiological reports. The senior oncologist in charge will
analyze these materials and decide which specialists from
which departments are needed to attend the upcoming
MDT meeting. Usually, medical oncologists, radiation
oncologists, pulmonologists, thoracic surgeons, radiologists,
pathologists, and nurses are invited. Before the meeting,
all the collected medical information will be announced in
the MDT We-Chat group. At the meeting, the secretary
and the senior oncologist present these cases sequentially,
and all the specialists discuss together and come to the most
appropriate diagnosis and treatment recommendations for
each patient. The patients wait outside the meeting room
and will be invited into the room and receive some queries
and examinations during the meeting. After the meeting,
the secretary and the senior oncologist in charge will explain
the diagnosis and treatment recommended by the MDT
to the patients or their caregivers in detail. The nurse will
make the necessary consoling and procedure instructions.
Study population
The study protocol was approved by the medical ethics
committee of the Second Xiangya Hospital. There were
two groups formed from a Chinese population. The first
group (MDT group) was identified from the medical
database of patients who attended our MDT and the
second group (non-MDT group) was identified from the
electronic medical record system of the whole hospital.
The common inclusion criteria were as follows: (I) an
admission time between January 1, 2017, and February
28, 2019; (II) a diagnosis made by MDT in the MDT
group and by the doctor in charge of the non-MDT group
included “pulmonary nodule” with suspected malignancy
and recommended surgery; (III) a patient receiving an
operation for the lung nodule. The exclusion criteria were
as follows: (I) a history of any cancer; (II) a patient receiving
a pathological diagnosis before surgery; (III) a patient who
had attended our MDT would also be excluded from the
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MDT-database:
Patients whose diagnosis includes
“pulmonary nodule” and with a discuss
time between 2017.1.1 and 2019.2.28
N=359

Excluded
- a history of any kind of cancer (N=79)
-more than one nodule (N=136)
- nodules outside the lung or other obvious
symptoms (PS ≥1) (N=48)
- nodules larger than 2 cm on CT imaging
(N=23)

N=73

Excluded
- nodules were not considered malignant or
recommended to follow-up by the
MDT (N=21)
N=52

Excluded
- did not receive operation on lung nodule
(N=3)

N=49

Figure 1 The flowchart of patient selection of MDT group. MDT, multidisciplinary team.

non-MDT group. Figures 1 and 2 show the flow of our
selection for the two groups of the study population.

the following confounding factors: gender, age, nodule type,
nodule size, nodule position, spicule sign, and smoking
history.

Statistical methods
To compare the difference between the MDT group and
the non-MDT group, independent-sample tests were used
for continuous variables that were normally distributed,
and the results were expressed as the average ± SD. For
continuous variables that were not normally distributed,
we used independent-sample and non-parametric
tests, and the results were expressed with a median
with corresponding interquartile range (Q1, Q3). For
categorical variables, we used the χ2 test, and values were
presented as proportions in percentages. All statistical
analyses were 2-sided, and P<0.05 was considered
statistically significant. The analysis was conducted with a
software called IBM SPSS Statistics 23.
EmpowerStats ( Solutions, Inc., Boston, MA, R 3.4.3)
was adopted to perform propensity score matching based on
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Results
Characteristics of the study population and pulmonary
nodules
All the enrolled participants underwent an operation and
successfully received a pathological diagnosis, none died
during the operation. The basic demographic characteristic
and the characteristics of the pulmonary nodules of two
groups of the population before matching are shown in
Table 1 (grouped by MDT and non-MDT) and Table 2
(grouped by malignant and benign pathology). There
were 360 patients with 360 nodules included, with most of
them being female (55.6%), without a family malignancy
history (91.9%) or a history of smoking (78.9%). Most
of them did not undergo a PET-CT scan (77.2%), and
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From the electronic medical record
system of the whole hospital:
Patients whose diagnosis included
“pulmonary nodule and who received
operation on the nodule with an
admission time between 2017.1.1 and

Excluded

2019.2.28 N=877

- multi-pulmonary nodules (N=155)
- operation was not related to lung nodules or
mass (N=211)
- nodules outside the lung or other obvious
symptoms (PS ≥1) (N=24)
- a history of any kind of cancer (N=14)
- nodules larger than 2 cm on CT imaging (N=69)

N=364

- pathological diagnosis before surgery (N=40)
Excluded
- nodules were considered benign by the
physician in charge
(N=4)

N=360

Excluded
- attended our MDT (N=49)

N=311

Figure 2 The flowchart of patient selection of non-MDT group. MDT, multidisciplinary team.

most nodules were in the right upper lobe of the lung
(37.5%). In the nodules which had PET-CT, most of the
SUV values were below 2.5 in both the malignant group
and benign group (98.2% and 92.0% respectively). Well-/
moderately differentiated adenocarcinoma was the major
pathology type (41.4%). We propensity-score matched 98
patients from the non-MDT group with 49 patients from
the MDT group (2:1). The demographic characteristic and
the characteristics of the lung nodules after matching are
summarized in Table 3 (grouped by MDT and non-MDT)
and Table 4 (grouped by malignant and benign pathology)
The characteristics of the lung nodules grouped by SUV
value are shown in Table 5.
Comparison between MDT/non-MDT diagnosis and
pathological diagnosis
The positive predictive value (PPV) based on variables after
propensity-score matching between the non-MDT and
© Annals of Translational Medicine. All rights reserved.

MDT groups are shown in Table 6. We can see that most of
the positive prediction value (PPV) based on variables in the
MDT group are higher than those of the non-MDT group
except in sub-solid nodules, right low lobe, with spicule,
however, the p-values were all above 0.05. In total, as shown
in Tables 2 and 4, before matching, the positive prediction
rate of MDT (77.6%) was 7.2% higher than that in the
non-MDT (70.4%). After matching, the gap was enlarged
to 8.2%, with the positive prediction rate of the MDT
being 77.6%, with the non-MDT being 69.4%; however,
the P values were all above 0.05.
Results of follow-up in the MDT group
The characteristics of the people who were recommended to
follow-up in the MDT group are shown in Table 7. In the table, we
can see that the follow-up time is 12.0 months (10.0–19.0 months),
2 patients were lost to follow-up, and the negative predictive
value (NPV) in the MDT group was about 76.2%.

Ann Transl Med 2019;7(23):740 | http://dx.doi.org/10.21037/atm.2019.11.125

Annals of Translational Medicine, Vol 7, No 23 December 2019

Page 5 of 15

Table 1 Clinical characteristics of the 2 cohorts of patients with small solitary pulmonary nodules identified for propensity score matching (before
matching)
Characteristics

Total

Non-MDT

MDT

N

360

311

49

Age (years), median (Q1–Q3)

54.0 (48.0–62.2)

54.0 (47.0–63.0)

55.0 (49.0–61.0)

0.689

Nodule size (mm), median (Q1–Q3)

13.0 (9.5–16.0)

13.0 (10.0–17.0)

11.0 (9.0–15.0)

0.015

Gender (n, %)

0.139

Male

160 (44.4)

143 (46.0)

17 (34.7)

Female

200 (55.6)

168 (54.0)

32 (65.3)

History of smoking (n, %)

0.377

No

284 (78.9)

243 (78.1)

41 (83.7)

Yes

76 (21.1)

68 (21.9)

8 (16.3)

Family malignancy history (n, %)

0.022

No

331 (91.9)

290 (93.2)

41 (83.7)

Yes

29 (8.1)

21 (6.8)

8 (16.3)

Histology (n, %)

0.067

AIS

35 (9.7)

29 (9.3)

6 (12.2)

MIA

50 (13.9)

40 (12.9)

10 (20.4)

W/M DA

149 (41.4)

129 (41.5)

20 (40.8)

PDA

14 (3.9)

14 (4.5)

0 (0.0)

Squamous carcinoma

5 (1.4)

5 (1.6)

0 (0.0)

Small cell carcinoma

1 (0.3)

1 (0.3)

0 (0.0)

Carcinoid

2 (0.6)

1 (0.3)

1 (2.0)

Lymphoma

1 (0.3)

0 (0.0)

1 (2.0)

103 (28.6)

92 (29.6)

11 (22.4)

Benign lesion

P value

Nodule position (n, %)

0.226

Right upper lobe

135 (37.5)

114 (36.7)

21 (42.9)

Right middle lobe

28 (7.8)

28 (9.0)

0 (0.0)

Right lower lobe

63 (17.5)

56 (18.0)

7 (14.3)

Left upper lobe

83 (23.1)

70 (22.5)

13 (26.5)

Left lower lobe

51 (14.2)

43 (13.8)

8 (16.3)

Nodule type (n, %)

0.109

Solid

163 (45.3)

146 (46.9)

17 (34.7)

Sub-solid

197 (54.7)

165 (53.1)

32 (65.3)

Spicule (n, %)

0.477

No

226 (62.8)

193 (62.1)

33 (67.3)

Yes

134 (37.2)

118 (37.9)

16 (32.7)

Table 1 (continued)
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Table 1 (continued)
Characteristics

Total

Non-MDT

MDT

Pathology (n, %)

0.304

Malignant

257 (71.4)

219 (70.4)

38 (77.6)

Benign

103 (28.6)

92 (29.6)

11 (22.4)

1.0 (0.5–4.4)

1.6 (0.5–3.3)

1.0 (1.0–4.4)

SUV, median (min–max)

P value

SUV sub-group (n, %)

0.843
0.532

No PET-CT

278 (77.2)

242 (77.8)

36 (73.5)

0–2.5

79 (22.0)

67 (21.5)

12 (24.5)

≥2.5

3 (0.8)

2 (0.6)

1 (2.0)

MDT, multidisciplinary team; AIS, adenocarcinoma in situ; MIA, minimal invasive adenocarcinoma; PDA, poorly differentiated
adenocarcinoma; W/M DA, well/moderately differentiated adenocarcinoma.

Discussion
The conventional diagnosis and procedure of small lung
nodules and their limitation
The ability to distinguish malignant nodules from a
benign nodule is becoming a research hotspot. Routinely,
a radiologist will give a general diagnosis first based
on the CT images. Next, if the nodule’s malignancy is
hard to predict, and if it is large enough, a PET-CT is
recommended. If the SUV of the nodule is above 2.5, the
probability of malignancy is high. Thirdly, a patient needs a
biopsy of the nodule, which is conducted by pulmonologists
or medical oncologists; a pathological diagnosis is the gold
standard. Lastly, if a malignancy of the nodules is confirmed,
and the patient has an adequate cardiopulmonary function
and is willing to undergo an operation, resection of the
nodule will be conducted by a thoracic surgeon. From the
conventional diagnosis procedure of lung nodules, we can
conclude that radiologists, pulmonologists, or medical
oncologists and surgeons acting in order before surgery;
CT, PET-CT, biopsy and surgery play important roles in
the differentiation of small pulmonary nodules. For those
pulmonary nodules for which a biopsy is easy to perform,
the conventional procedure works well. However, for those
nodules in which acquiring a biopsy sample is difficult,
such as those that are too small or located in a place where
biopsy is inappropriate, the conventional techniques and
procedures have limitations. PET-CT scans will show
false-positives in some benign lesions, as seen in infections
such as pneumonia and tuberculosis (14), which is more
prevalent in China than in western countries. On the other
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hand, scans will show false-negative in tumors with low
18
F-FDG uptake, such as in lung adenocarcinoma in site and
carcinoid tumors (14). In addition, with the decrease of the
diameter of the nodules, the reliability of SUV decreases as
well. PET-CT has little to no value in small lung nodules
which are ≤1 cm (15), which is generally accepted as the
smallest size that be accurately evaluated by PET-CT (14).
As to bronchoscopy and CT-guided transthoracic fine/
core-needle biopsy, which are well-established techniques
for diagnosis, the failure of bronchoscopy is relatively
high in lesions measuring 20mm or smaller or if the lesion
is in the outer third of the lung (16). Also, transthoracic
percutaneous fine/core-needle aspiration biopsy has a
considerable risk of complications, such as pneumothorax
and bleeding (17). Tumor cell implantation along the
needle tract is rare but it is a potentially extreme and serious
complication (18). In addition, the two kinds of biopsy
can only obtain part of the specimen of the nodule, which
cannot reflect the whole nodule. Even if the pathological
diagnosis of biopsy is benign, it does not mean the whole
nodule is benign (19,20). Even worse, they cannot always
acquire adequate specimens from small lung nodules for
gene mutation tests, which are the basis for target therapy
for lung cancer nowadays. Even if the nodules are diagnosed
as malignant, they still need to be removed by operation.
In the era of minimally invasive surgery, surgeons tend
to use an efficient one-step way to manage pulmonary
nodules (21). Some progress has been made to improve
the current situation. Video-assisted thoracoscopic surgery
(VATS) has been developing quickly. The accuracy, low
morbidity, and easy availability of the technique make it
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Table 2 Clinical characteristics of the 2 cohorts of patients with solitary pulmonary nodules identified for propensity score matching (based on
pathology) before matching
Characteristics

Malignant

Benign

PPV (%)

257

103

71.4

Age (years)

55.0 (48.0–64.0)

52.0 (45.0–56.5)

<0.001

Nodule size (mm)

13.0 (10.0–17.0)

12.0 (9.0–15.0)

0.031

N

Gender (n, %)
Male
Female

<0.001
97 (37.7)

63 (61.2)

60.6

160 (62.3)

40 (38.8)

80.0

History of smoking (n, %)

0.720

No

204 (79.4)

80 (77.7)

71.8

Yes

53 (20.6)

23 (22.3)

69.7

Family malignancy history (n, %)

0.158

No

233 (90.7)

98 (95.1)

70.3

Yes

24 (9.3)

5 (4.9)

82.8

Nodule position (n, %)
Right upper lobe

0.145
103 (40.1)

32 (31.1)

76.3

Right middle lobe

15 (5.8)

13 (12.6)

53.6

Right lower lobe

42 (16.3)

21 (20.4)

66.7

Left upper lobe

61 (23.7)

22 (21.4)

73.5

Left lower lobe

36 (14.0)

15 (14.6)

70.6

Nodule type (n, %)
Solid
Sub-solid

<0.001
96 (37.4)

67 (65.0)

58.9

161 (62.6)

36 (35.0)

81.7

Spicule (n, %)

0.873

No

162 (63.0)

64 (62.1)

71.7

Yes

95 (37.0)

39 (37.9)

70.9

MDT (n, %)
NonMDT
MDT
SUV median (min–max)

0.304
219 (85.2)

92 (89.3)

70.4

38 (14.8)

11 (10.7)

77.6

1.5 (0.5–4.4)

1.0 (1.0–3.3)

SUV sub-group* (n, %)
0–2.5
≥2.5

P value

0.993
0.166

56 (98.2)

23 (92.0)

1 (1.8)

2 (8.0)

*, in the total 360 patients, 278 patients didn’t undergo PET-CT, so they don’t have SUV value, the other 82 patients have SUV value. PPV,
positive predictive value; MDT, multidisciplinary team.

very popular. Also, it can not only acquire a diagnosis, but
it can also resect the nodules completely, supplying entire
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nodules for pathological tests and gene mutation tests
(22,23). Due to the reasons stated above, VATS is the most
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Table 3 Clinical characteristics of the two cohorts of patients with solitary pulmonary nodules identified after propensity score matching
Characteristics

Total

Non-MDT

MDT

N

147

98

49

Age (years), median (Q1–Q3)

53.0 (46.5–61.0)

52.5 (45.2–59.8)

55.0 (49.0–61.0)

0.273

Nodule size (mm), median (Q1–Q3)

10.0 (8.0–14.0)

10.0 (8.0–14.0)

11.0 (9.0–15.0)

0.530

Gender (n, %)

P value

0.630

Male

55 (37.4)

38 (38.8)

17 (34.7)

Female

92 (62.6)

60 (61.2)

32 (65.3)

History of smoking (n, %)

0.617

No

126 (85.7)

85 (86.7)

41 (83.7)

Yes

21 (14.3)

13 (13.3)

8 (16.3)

Family malignancy history (n, %)

0.617

No

126 (85.7)

85 (86.7)

41 (83.7)

Yes

21 (14.3)

13 (13.3)

8 (16.3)

Nodule position (n, %)

0.116

Right upper lobe

56 (38.1)

35 (35.7)

21 (42.9)

Right middle lobe

12 (8.2)

12 (12.2)

0 (0.0)

Right lower lobe

24 (16.3)

17 (17.3)

7 (14.3)

Left upper lobe

32 (21.8)

19 (19.4)

13 (26.5)

Left lower lobe

23 (15.6)

15 (15.3)

8 (16.3)

Nodule type (n, %)

0.808

Solid

53 (36.1)

36 (36.7)

17 (34.7)

Sub-solid

94 (63.9)

62 (63.3)

32 (65.3)

Spicule (n, %)

0.900

No

100 (68.0)

67 (68.4)

33 (67.3)

Yes

47 (32.0)

31 (31.6)

16 (32.7)

Pathology

0.298

Malignant

106 (72.1)

68 (69.4)

38 (77.6)

Benign

41 (27.9)

30 (30.6)

11 (22.4)

MDT, multidisciplinary team.

used procedure for small lung nodules in our hospital.
Moreover, there is a study that shows that direct resection
of the suspicious lung nodules without preoperative biopsy
will not increase the incidence of resected benign pathology
and may decrease surgical wait time (24). In this respect,
it is important to predict the malignancy of the nodule
without preoperative biopsy.
Whether the specialists can give the correct diagnosis

© Annals of Translational Medicine. All rights reserved.

depends on their knowledge and clinical experience. There
are significant differences in the management of small
pulmonary nodules among radiologists, pulmonologists,
and thoracic surgeons. Radiologists tend to recommend
short-term follow-up, while the pulmonologists and
surgeons tend to recommend operation (25). Once the same
patient receives two different recommendations, the proper
diagnosis for the patient can be confusing.
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Table 4 Clinical characteristics of the 2 cohorts of patients with solitary pulmonary nodules identified for propensity score matching (based on
pathology) after matching
Characteristics

Malignant

Benign

PPV (%)

106

41

72.1

Age (years)

54.0 (47.0–61.0)

52.0 (46.0–56.0)

0.090

Nodule size (mm)

10.0 (8.0–14.0)

9.3 (8.0–14.0)

0.249

N

Gender (n, %)

P value

0.004

Male

32 (30.2)

23 (56.1)

58.2

Female

74 (69.8)

18 (43.9)

80.4

History of smoking (n, %)

0.940

No

91 (85.8)

35 (85.4)

72.2

Yes

15 (14.2)

6 (14.6)

71.4

Family malignancy history (n, %)

0.133

No

88 (83.0)

38 (92.7)

69.8

Yes

18 (17.0)

3 (7.3)

85.7

Histology (n, %)

<0.001

AIS

22 (20.8)

0 (0.0)

MIA

27 (25.5)

0 (0.0)

W/M DA

51 (48.1)

0 (0.0)

PDA

3 (2.8)

0 (0.0)

Squamous carcinoma

1 (0.9)

0 (0.0)

Carcinoid

1 (0.9)

0 (0.0)

Lymphoma

1 (0.9)

0 (0.0)

Benign lesion

0 (0.0)

41 (100.0)

Nodule position (n, %)

0.411

Right upper lobe

42 (39.6)

14 (34.1)

75.0

Right middle lobe

6 (5.7)

6 (14.6)

50.0

Right lower lobe

19 (17.9)

5 (12.2)

79.2

Left upper lobe

22 (20.8)

10 (24.4)

68.8

Left lower lobe

17 (16.0)

6 (14.6)

73.9

Solid

30 (28.3)

23 (56.1)

56.6

Sub-solid

76 (71.7)

18 (43.9)

80.9

Nodule type (n, %)

0.002

Spicule (n, %)

0.125

No

76 (71.7)

24 (58.5)

76.0

Yes

30 (28.3)

17 (41.5)

63.8

NonMDT

68 (64.2)

30 (73.2)

69.4

MDT

38 (35.8)

11 (26.8)

77.6

MDT (n, %)

0.298

PPV, positive predictive value; MDT, multidisciplinary team; AIS, adenocarcinoma in situ; MIA, minimal invasive adenocarcinoma; PDA,
poorly differentiated adenocarcinoma; W/M DA, well/moderately differentiated adenocarcinoma.
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Table 5 Clinical characteristics of participants (based on SUV)
Characteristics

0–2.5

N

≥2.5

79

3

56.6 (10.1), 56.0 (50.0–64.5)

50.0 (7.9), 53.0 (47.0–54.5)

Male

29 (36.7)

3 (100.0)

Female

50 (63.3)

0 (0.0)

Age (years)
Gender (n, %)

0.538

No

64 (81.0)

2 (66.7)

Yes

15 (19.0)

1 (33.3)

Family malignancy history (n, %)

0.562

No

71 (89.9)

3 (100.0)

Yes

8 (10.1)

0 (0.0)

5 (6.3)

0 (0.0)

Histology (n, %)
MIA

0.912
3 (3.8)

0 (0.0)

42 (53.2)

1 (33.3)

PDA

3 (3.8)

0 (0.0)

Squamous carcinoma

1 (1.3)

0 (0.0)

Carcinoid

2 (2.5)

0 (0.0)

23 (29.1)

2 (66.7)

W/M DA

Benign lesion

0.269
0.056

History of smoking (n, %)

AIS

P value

Nodule position (n, %)

0.175

Right upper lobe

22 (27.8)

2 (66.7)

Right middle lobe

5 (6.3)

1 (33.3)

Right lower lobe

15 (19.0)

0 (0.0)

Left upper lobe

24 (30.4)

0 (0.0)

Left lower lobe

13 (16.5)

0 (0.0)

Solid

45 (57.0)

3 (100.0)

Sub-solid

34 (43.0)

0 (0.0)

Nodule type (n, %)

0.138

Spicule (n, %)

0.418

No

45 (57.0)

1 (33.3)

Yes

34 (43.0)

2 (66.7)

Malignant

56 (70.9)

1 (33.3)

Benign

23 (29.1)

2 (66.7)

NonMDT

67 (84.8)

2 (66.7)

MDT

12 (15.2)

1 (33.3)

Pathology (n, %)

0.166

MDT (n, %)

0.398

Nodule size (mm) (n, %)

0.300

<10

21 (26.6)

0 (0.0)

≥10

58 (73.4)

3 (100.0)

MDT, multidisciplinary team; AIS, adenocarcinoma in situ; MIA, minimal invasive adenocarcinoma; PDA, poorly differentiated
adenocarcinoma; W/M DA, well/moderately differentiated adenocarcinoma.
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Table 6 Comparison of PPV between non-MDT and MDT groups after matching
Variable

Non-MDT

MDT

P value

Malignant

Benign

PPV

Malignant

Benign

PPV

68

30

0.69

38

11

0.78

0.30

Male

20

18

0.53

12

5

0.71

0.21

Female

48

12

0.80

26

6

0.81

0.89

No

60

25

0.71

31

10

0.76

0.56

Yes

8

5

0.62

7

1

0.88

0.20

No

57

28

0.67

31

10

0.76

0.33

Yes

11

2

0.85

7

1

0.88

0.85

Right upper lobe

24

11

0.69

18

3

0.86

0.15

Right middle lobe

6

6

0.50

0

0

Right lower lobe

14

3

0.82

5

2

0.71

0.55

Left upper lobe

13

6

0.68

9

4

0.69

0.96

Left lower lobe

11

4

0.73

6

2

0.75

0.93

Solid

17

19

0.47

13

4

0.76

0.05

Sub-solid

51

11

0.82

25

7

0.78

0.63

No

48

19

0.72

28

5

0.85

0.15

Yes

20

11

0.65

10

6

0.63

0.89

Total
Gender (n, %)

History of smoking (n, %)

Family malignancy history (n, %)

Nodule position (n, %)

Nodule type (n, %)

Spicule (n, %)

PPV, positive predictive value; MDT, multidisciplinary team.

The function of MDT
An MDT is becoming a standard recommendation for
lung cancer and pulmonary nodules in international
guidelines (10). In China, with the number of discoveries of
small lung nodules increasing, hospitals at different levels
have been more frequently establishing many MDTs for
lung nodules recently. However, the evidence to support
MDT is scarce and the existing research about MDT in
lung cancer has focused on late-stage lung cancer and the
outcome. Evidence from breast cancer, lung cancer, head
and neck cancer, and rectal cancer has demonstrated that
MDTs can function better at the management of cancer, by
decreasing the time from diagnosis to treatment, improving

© Annals of Translational Medicine. All rights reserved.

patient satisfaction, reducing costs, and increasing the
accuracy of staging rather than improving the outcome
of cancer patients (26). As to small lung nodules, MDTs
focus on the prediction of small lung nodules which entails
extensive energy and time expenditure for specialists and
patients alike. Are these costs worth it? As of now there is
no standard answer for this question.
Our study
Most nodules whose diameters are bigger than 2 cm are
malignant (27), and the value of SUV on PET-CT is more
reliable than that for nodules whose diameter is less than
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Table 7 Characteristics and results of follow-up
Characteristics

Outcome

N

21

Age

56.0 (53.0–62.0)

Nodule size (mm)

10.0 (9.0–16.0)

Follow-up (month)

12.0 (10.0–19.0)

PET-CT value

0.0 (0.0–2.7)

Sex (n, %)
Male

13 (61.9)

Female

8 (38.1)

Family malignancy history (n, %)
No

17 (81.0)

Yes

4 (19.0)

History of smoking (n, %)
No

11 (52.4)

Yes

10 (47.6)

Nodule position (n, %)
Right upper lobe

9 (42.9)

Right middle lobe

3 (14.3)

Right lower lobe

4 (19.0)

Left upper lobe

3 (14.3)

Left lower lobe

2 (9.5)

Nodule type (n, %)
Solid

5 (23.8)

Sub-solid

16 (76.2)

Spicule (n, %)
No

18 (85.7)

Yes

3 (14.3)

The results of the follow-up (n, %)
Malignant

3 (14.3)

No change/shrink/disappear

16 (76.2)

Loss of follow-up

2 (9.5)

2 cm. Also, it is relatively easier to obtain biopsy from these
nodules, and thus it is easier to form pathological diagnosis,
making an appropriate treatment recommendation more
likely. Only those whose nodules are relatively difficult
to acquire biopsy from would be referred to attend our

© Annals of Translational Medicine. All rights reserved.

MDT. Therefore, in this study, we focused on the small
pulmonary nodules whose diameter was ≤2 cm and for
which a pathological diagnosis before surgery was difficult
to acquire.
For the group of patients who attend the non-MDT
representative traditional sequential diagnostic procedure
of small lung nodules, when a small pulmonary nodule on
CT image is found in the patient, he or she will go to visit
a thoracic surgeon directly or visit pulmonologists and
medical oncologists first. If the nodule is difficult to biopsy,
or if the pulmonologists and medical oncologists think the
nodule is highly suspect for malignancy and it is operable,
they will refer the patient to visit a thoracic surgeon.
The surgeon will then recommend them to follow-up or
recommend surgical resection. The group of patients who
attend MDT are recommended to MDT and their cases are
discussed in the MDT meeting.
Propensity-score-matching was adopted during the
process of analysis to obtain a more reliable conclusion.
Confounding factors that were reported to influence the
prediction of the small nodules were used to score each
patient. These include age, gender, nodule position, nodule
type, nodule size, spicule sign, and history of smoking.
Before matching, family malignant history, and nodule size
were unbalanced between the non-MDT group and MDT
group (P<0.05) (Table 1). After matching, all the variables
were distributed and balanced (P>0.05) (Table 3).
In our study, most of the small solitary malignant
pulmonary nodules (≤2 cm) were adenocarcinoma and
located on the right upper lobe, which is consistent with the
previous report (28). More females had small pulmonary
nodules before and after matching, which is also a
commonly reported phenomenon (7).
There was no difference in SUV value between the
malignant and the benign group; in other words, in small
pulmonary nodules, differentiating malignancy by SUV
value is not reliable, which is corroborated in many other
studies (14,15).
We noticed that about 30% of patients in both group had
received surgery for benign lesions. In the earlier studies,
this number varied from 6–34% (29,30). The number
in our hospital is within this range and is relatively high.
There are two reasons to explain this pattern. First, most
patients did not receive a preoperative biopsy. Second, due
to the psychological factors in our country, many patients
with benign lesions request surgery because of the threat
of cancer development. They are unwilling to follow-up,
and they usually think it is better to immediately remove
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the lesion completely, or they will worry about it during
the follow-up—a phenomenon which is mentioned in other
studies (25,29).
In some sense, the nodules in the MDT group were even
harder to differentiate than those of the non-MDT group
because only when at least two physicians have different
opinions about the nodule’s malignance would they refer the
patient to attend our MDT. Even under these conditions,
we can see from our study that the positive predictive value
of the MDT group was higher than that of the non-MDT
group whether before or after propensity matching or
whether considered as a total or as separate demographic
groups. After matching, the total disparity increased, from
7.2% to 8.2%, which would result in the less unnecessary
operation of the small pulmonary nodules; however, the
difference was not significant (P=0.3). From a statistical
point of view, this could be due to the small number of
participants. If we increase the number of participants, the
difference would perhaps acquire significance.
Normally, high PPV may lead to low NPV. However, in
our study, from the results of the follow-up of the patients
in MDT, the NPV was 76.2%, which was as high as PPV
(77.6%). The NPV was even much higher than the reported
51% NPV of CT-guided transthoracic core-needle biopsy
(TTNB) of another study (31). In that report, most of the
diameters of nodules were larger than 2 cm. After a median
follow-up time [12.0 months (10.0–19.0 months)], although
the number of follow-up patients was relatively small (21),
the data was still quite impressive.
In short, for small pulmonary nodules, our MDT not
only tends to give a higher PPV but also simultaneously
maintains a high NPV. We believe the reasons for this are
as follows. First, MDT pays much more attention to the
patients. We have a full-time secretary who can collect
a detailed history, and test or examine reports carefully.
Because every specialist has to voice his or her opinion at
the meeting, the specialist will pay much more attention to
the patients discussed than in the outpatient department.
After they receive the information of the patient in the
MDT-WeChat group, they can search the necessary
information on the internet, or they can carefully review
the radiological images in the radiological system of our
hospital in advance.
In contrast, due to the busy schedule in our out-patient
department, our specialist spends much less time deciding
by themselves. Secondly, the decision of operation for nonMDT patients is usually made by the thoracic surgeon
based on findings on radiological pictures, while in MDT,
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the decision is made by all the specialists attending the
MDT. Most radiologists usually only judge based on the
characteristics of nodules including diameter, volume,
margin, attenuation and location (32), while the oncologist
who performs the CT-guided fine-needle aspiration or the
respiratory specialist who performs the bronchoscopy have
much more clinical experience to consider the pathology
of the radiological image. Benign lesions, appear as small
lung nodules and also have a malignant appearance on CT
images, such as granulomatous inflammation, with a high
SUV on PET-CT, include tuberculosis and pulmonary
fungal infection occupying a large portion (33-35). In
this case, respiratory specialists have more experience in
verifying and treating them.
Other than diagnosis, the patients with small pulmonary
nodules can also receive treatment benefits. As reported, in
lung nodules, SABR can achieve a similar 5-year survival
compared to an operation (36). Female non-smoking
patients were the predominant population with pulmonary
nodules. This Asian group has high probability of EGFR
mutation (37), and thus oral EGFR-TKI has demonstrated
great efficiency and convenience in their treatment. This
group can receive one of the three following treatments:
operation, SABR, or EGFR-TKI. Based on the probability
of malignancy, the difficulty of operation, the patients’
cardiopulmonary function, and the willingness to receive
operation, radiologists, surgeons, radiation oncologists, and
medical oncologists would weigh the pros and cons together
and make a tailored recommendation for them. It would be
unimaginable to see non-MDT patients receive as tailored a
recommendation in such a short amount of time.
Along with the advantages above, MDT also offers other
benefits. First, the specialists will learn from each other and
together enhance their knowledge of pulmonary nodules.
Secondly, the patients of MDT will feel more convinced by a
conclusion of an MDT and feel more comfortable through the
whole procedure because they have received adequate attention
in the form of detailed explanation by the secretary and senior
oncologist in charge and consolation and procedure instruction
from the nurse. Overall, the patient receives better wholeprocess management which saves much time and energy. The
sequential procedures are arranged and coordinated by experts
during and after the meeting in a timely manner. For example,
after the operation, based on perioperative and pathological
findings, an oncologist will decide whether they should receive
radiotherapy or chemotherapy without significant delay.
Overall, being attended to by our MDT provides superior care
for our patients..
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Limitations

2.

Our study is the first of its kind to examine the diagnostic value
of an MDT on small solitary pulmonary nodules (≤2 cm). The
study used a unique propensity-score matching technique
to provide first-time evidence on a novel subject in China.
However, our research still has some limitations. Firstly, it
is retrospective without significant long-term follow-up.
We have not yet compared the survival outcome between
the non-MDT group and the MDT group yet. Secondly,
although our department is a top 20 cancer institute in
China, this study only considered the experience of a single
institute. Lastly, the sample size is small due to a short
study period. Despite these limitations, we were still able to
successfully demonstrate the powerful predictive accuracy
of the MDT in small pulmonary nodules (≤2 cm).
Conclusions
Small solitary pulmonary nodules tend to be more
correctly diagnosed with an MDT, especially the negative
nodules. Therefore, an MDT can reduce the unnecessary
resection of small pulmonary nodules, and it is worthwhile
to promote this method in the hospitals of developing
countries.
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