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Introduction

Lungs are one of the target organs of metastases of primary 
lung, breast, liver, colorectal, and esophageal cancer. 
Patients with lung metastases have a 5-year survival rate 

of only 20% (1). Due to its greater sensitivity compared 
to other modalities such as magnetic resonance imaging 
(MRI) (2-4) and positron emission tomography (PET) (5-7),  
computed tomography (CT) is the most widely used 
modality for detecting lung metastases (8). Cancer patients 
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routinely undergo CT examinations to monitor potential 
lung metastasis (9). Despite CT’s great sensitivity, detecting 
lung metastases at their earliest stages remains extremely 
challenging (10,11). Often, it is not until a later CT scan 
that lung metastases are found and treatment started. A 
critical question remains why lung metastases cannot be 
detected at the earliest CT scan. According to guidelines, 
such as those of the National Comprehensive Cancer 
Network (NCCN) or the Fleischner Society, high-risk small 
nodules in patients with a history of cancer should have 
follow-up in a short time, we know that lung metastases 
grow fast. If lung metastases could be found on CT scans at 
earlier time points, patients would benefit because they can 
begin treatment earlier and not have to wait until later CT 
scans when more lung metastases may have developed or 
existing ones may have become larger. 

Our hypothesis was that many lung metastases could 
have been revealed at the earliest CT scans but radiologists 
missed them due to their small sizes and low density. Given 
the multiple scans performed months apart for cancer 
patients, we used later scans to confirm the presence of lung 
metastases on the early scans. The large metastases seen 
on the later scans were also corroborated through biopsy. 
For most cases in our study, we found that using the second 
scan to confirm the presence of lung metastases on the 
first scans was sufficient to find many missed metastases. 
We then mapped the metastatic loci on the second scans 
to the same locations on the first scans to examine whether 
metastases were detectable on the first scan but were missed 
by routine readings. We retrospectively analyzed CT scans 
of cancer patients to determine and categorize scenarios 
with one being whether lung metastases manifested as 
weak low density and were missed on the first CT scans 
but were confirmed by CT scans at later time points. 
We found that, in one-third of cases, the first CT scans 

could reveal the abnormal density corresponding to lung 
metastases that were missed by radiologists. To the best of 
our knowledge, this is the first study whose aim it was to 
determine and categorize the frequency with which lung 
metastases were missed on a CT scan at the first time point 
only to be detected on later CT scans. The findings of our 
study provided insight into the process of improving the 
detection of lung metastases on surveillance CT scans. More 
importantly, we identified an overlooked opportunity to 
move up the detection of lung metastases to the earliest time 
points so patients can receive treatment more promptly.

Methods

Institutional review board approval was obtained prior 
to initialization of this retrospective study. Data from 
January 2011 to April 2017 on 100 cancer patients at our 
hospital were retrospectively reviewed and analyzed. CT 
images were extracted from our Picture Archiving and 
Communication Systems and reviewed and re-reviewed by 
board-certified radiologists. 

Patients

One hundred randomly-selected patients who were 
diagnosed with a primary cancer in the breasts, lungs, 
esophagus, colorectum, and liver, and had multiple 
surveillance CT scans comprised the study cohort. The 
100 patients were selected randomly to avoid creating bias 
related to any pre-determination of how many of them had 
lung metastases correctly detected on their very first CT 
scans. There were 62 males and 38 females with an average 
age of 59.38±10.58 years. The detailed demographics and 
types of cancer of the patients are shown in Table 1. All 
except one patient had undergone treatment for the primary 

Table 1 Patient characteristics

Primary cancer Number (male/female) Age (in years, mean ± SD)

Lung 59 (40/19) 60.98±10.27

Colorectum 15 (10/5) 57.13±9.66

Breast 8 (0/8) 60.00±15.45

Liver 5 (5/0) 50.40±9.53

Esophagus 4 (4/0) 54.75±10.75

Other (<3 cases/cancer) 9 (3/6) 57.69±8.88

SD, standard deviation.
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cancer. Sixty-nine (69/100, 69%) patients had surgical 
resections: 10 (10/100, 10%) had surgeries only, 48 (48/100, 
48%) had adjuvant chemotherapy, and the remaining 11 
(11/100, 11%) patients had local radiotherapy. Thirty-
one (31/100, 31%) patients had non-operative treatment, 
including 20 (20/100, 20%) patients who underwent 
chemotherapy, 6 (6/100, 6%) patients had chemotherapy 
plus local radiotherapy, 3 (3/100, 3%) patients were treated 
by traditional Chinese medicine, 1 (1/100, 1%) patient 
had targeted therapy, and 1 (1/100, 1%) patient declined 
treatment. Following the identification of lung metastases, 61 
(61/100, 61%) patients received chemotherapy, 14 (14/100, 
14%) patients were surgically treated to remove nodules, 5 
(5/100, 5%) patients underwent local radiotherapy for the 
metastases, 11 (11/100, 11%) patients received adjuvant 
traditional Chinese medicine, and the remaining 9 (9/100, 
9%) patients chose not to receive any treatment.

Study methods

Inclusion criteria
CT data on patients with primary cancer in the breasts, 
lungs, esophagus, colorectum, or liver and whose primary 
cancer had been confirmed by pathology were eligible for 
inclusion in the study. Additional inclusion criteria were 
that patients must have had at least two surveillance CT 
scans with lung metastases detected on the second CT 
scan and confirmed by either pathology or other clinical 
diagnostics. Lung metastases are diagnosed in clinics when, 
compared to a previous CT scan, nodules are newly found 
or existing nodules become larger and increase in number 
in the later scan(s). As the first step, we randomly selected 
100 cancer patients from our database whose second CT 
scans had been interpreted to have lung metastases. As 
the second step, we then retrieved the first CT scans for 
analysis to determine whether the initial diagnosis involved 
the detection or missing of lung metastases.

CT parameters
CT examinations were performed using either a 16-detector 
row Toshiba Aquilion or a 128-detector row Siemens 
Somatom CT scanner. Both scanners were calibrated 
each day prior to scanning. Scanning parameters for the 
Aquilion machine were tube voltage 120 kV, tube current 
30–230 mAs, helical pitch 0.837, rotation time 0.4 second, 
acquisition matrix 512×512 pixels, scanned slice thickness 
1.0 mm, and interval 2.0 mm, with a reconstruction 
parameter Fc01. The Somatom machine was set with a tube 

voltage 120 kV, tube current 30–290 mAs, helical pitch 1.2, 
rotation time 0.5 second, acquisition matrix 512×512 pixels, 
scanned slice thickness 0.60 mm, and interval 2.0 mm, with 
a reconstruction parameter K51. The tube current was 
controlled by the CARE Dose 4D technique, which is an 
automatic exposure control that adjusted current during 
each rotation so as to reduce the magnitude for projection 
views with less attenuation and increase the magnitude for 
projection views with more attenuation. The advantage of auto 
mA is the improved performance in small lesion detection.

CT imaging
All the patients underwent multiple surveillance CT scans 
over a period of several months. The average interval 
between two CT scans was 173.4±161.6 days for a range 
of 13–1,068 days. For all the patients, we labeled the first 
scan as S1 and second scan as S2. For all the 100 cases, the 
mean interval between S1 and S2 was 156.6±140.3 days for 
a range of 19–728 days. Eleven of the S1 scans were pre-
operative scans, 57 were post-operative scans, and 32 were 
non-operative scans. All the S2 scans had detectable lung 
metastases. There were 64 true negative cases among the 
S1 scans in which the metastases were located in the same 
areas as in the corresponding S2 scans, and, in 36 cases, the 
metastases had been missed. Among the missed metastases, 
three cases were missed in pre-operative scans (27%, 3/11), 
22 cases were missed in post-operative scans (39%, 22/57), 
and 11 cases were missed in non-operative scans (34%, 
11/32). The mean interval between S1 and S2 for the 
missed metastases was 97.2±61.5 days. 

Image analysis
All scans were analyzed independently by two radiologists, 
each of whom had more than 5 years of experience. An 
axial lung window of a width 1,500 HU and level −650 HU 
were used. Discrepancies between the two radiologists were 
resolved by a third radiologist. There is good consistency 
between the two radiologists. The diagnostic identical rate 
was 95%. Only five cases required the involvement of a 
third radiologist, and all the radiologists concurred on the 
final lung metastasis diagnosis. We divided the image of 
each lung into nine regions from the top to the bottom with 
upper, center, and lower regions and with inner, middle, 
and outer regions from the inner side to the outer side. The 
boundary between the upper and center regions was at the 
aortic arch level, and the boundary between the center and 
lower regions was at the level of 3 cm above the diaphragm. 
For depiction on dividing the lungs into sub-regions, please 
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refer to the supplementary materials. We manually measured 
the maximum diameter of each nodule and also measured 
the distance between nodules to the nearest blood vessels and 
the diameters of the blood vessels. For all these features, we 
measured each twice and used the average as the read-out.

Statistical analysis

The data were analyzed using SPSS Statistics 22.0. All the 
results are presented as mean ± SD (standard deviation). 
Independent samples t-test was used to compare the 
independence of two groups. Three groups of independent 
samples were compared by one-way analysis of variance 
(ANOVA). Data were compared by the chi-square or 
Fisher’s exact test. We considered P<0.05 as indicative of a 
statistically significant difference.

Results

Using scanning results at S2 to re-examine lung metastases 

at S1, we found that there were 64 (64/100, 64%) cases of 
true negatives and 36 (36/100, 36%) false negatives at S1. 
Figure 1A,B shows examples of two female breast cancer 
patients of 63 and 53 years old, respectively, whose first 
CT scans already showed lung metastases, but they were 
deemed negative by a radiologist. The radiologist found 
the metastases on the second scans (Figure 1C,D), or 7 and 
8 months later, respectively, after the corresponding first 
scans. On the third scan of the first patient at 5 months 
later, the metastasis of the first patient was reduced due 
to chemotherapy (Figure 1E). On the third scan for the 
second patient, at 1 year late, the metastasis increased in 
size (Figure 1F). Figure 2A shows another example of missed 
metastasis of a 46-year-old male liver cancer patient at the 
first CT scan, even though abnormal signal hyperintensity 
was present. The metastasis was found on the second scan 
at 4 months late (Figure 2B). Among the 36 false negatives, 
there were a total of 174 missed nodules. The mean size 
of the missed nodules was 2.66±1.27 mm (range, 0.67– 
7.60 mm). Among the 36 false negatives, there were 15 

A

B

C

D

E

F

Figure 1 Two cases of missed nodules and their outcomes. (A,C,E) A case of a 63-year-old breast cancer patient with a missed nodule 
detection at the initial CT scan. (A) A missed nodule (arrow) on the first scan. The nodule was found only after mapping the position of 
the detected nodule (arrow) on the second scan 7 months later (C) to the first scan. (E) After chemotherapy, the nodule (arrow) was seen 
becoming smaller on the third scan performed another 5 months later. (B,D,F) A case of a 53-year-old breast cancer patient. The initial scan 
(B) was truly negative. Eight months later two nodules (arrows) were detected on the second scan (D). An additional 12 months later, the 
nodules (arrows) were significantly larger and a new nodule was found on the third scan (F). 
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(15/36, 42%) cases of solitary nodules and 21 (21/36, 58%) 
cases of multiple nodules. The average diameter of solitary 
nodules was 4.04±1.73 mm, range 2.33–7.60 mm, and the 
average diameter of multiple nodules was 2.53±1.13 mm 
(range, 0.67–7.45 mm). There were statistically significant 
differences between the sizes of the solitary and multiple 
nodules (P=0.005). For each type of primary cancer, there 
were 22 cases in lung cancer (37%, 22/59), three cases in 
breast cancer (38%, 3/8), two cases in liver cancer (40%, 
2/5), six cases in colorectal cancer (40%, 6/15), and two 
cases of esophageal cancer (50%, 2/4). There was one case 

of a missed nodule in an ovarian cancer patient. 
In terms of the location of the missed nodules, there 

were a total of 53 (53/174, 30%) missed nodules in the 
left lung and 121 (121/174, 70%) missed nodules in the 
right lung. Considering both lungs together, there were 
33 (33/174, 19%) missed nodules in the upper region, 
113 (113/174, 65%) missed nodules in the center region, 
and 28 (28/174, 16%) missed nodules in the lower region 
(Table 2). The delineation of the upper, center, and lower 
regions is shown in supplement Figure S1. There were 
32 (32/174, 18%) missed nodules in the inner region, 47 
(47/174, 27%) missed nodules in the middle region, and 97 
(97/174, 56%) missed nodules in the outer region (Table 2). 
The delineation of the inner, middle, and outer regions is 
shown in supplement Figure S2. No statistically significant 
difference was found in the sizes of missed nodules in the 
left and right lungs, either in scans S1 or S2. However, 
the sizes of the missed nodules in the upper, center, and 
lower regions of the lungs showed statistically significant 
differences in both scans S1 and S2 (Table 3). There were no 
statistically significant differences in the sizes of the nodules 
in the inner, middle, and outer regions (Table 3). There 
were statistically significant differences between the sizes of 
missed nodules in scan S1 and the correctly detected nodules 
in scan S2 (Table 4). In S1, there were statistically significant 
differences between the distance from missed nodules to 
the nearest blood vessels and the distance from correctly 
detected nodules to the nearest blood vessels (Table 4).  
In addition, there were statistically significant differences in 
the size of blood vessels that were near a missed nodule or 
near a correctly detected nodule (Table 4).  

A B

Figure 2 A case of a 46-year-old male liver cancer patient. (A) The 
metastasis was missed by a radiologist (arrow) on the first scan; (B) 
the metastasis, with an increased size, was found by a radiologist on 
the second scan at 4 months late (arrow).

Table 2 Distribution of missed nodules in different sub-regions

Region Inner zone, n (%) Middle zone, n (%) Outer zone, n (%) Total, n (%)

Left lung

Upper region 1 (1.89) 4 (7.55) 0 5 (9.43)

Center region 5 (9.43) 8 (15.09) 23 (43.40) 36 (67.92)

Lower region 2 (3.77) 5 (9.43) 5 (9.43) 12 (22.64)

Total 8 (15.09) 17 (32.08) 28 (52.83) 53

Right lung

Upper region 4 (3.31) 9 (7.44) 15 (12.40) 28 (23.14)

Center region 15 (12.40) 19 (15.70) 43 (35.54) 77 (63.64)

Lower region 5 (4.13) 2 (1.65) 9 (7.44) 16 (13.22)

Total 24 (19.83) 30 (24.79) 67 (55.37) 121
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Discussion 

Metastases account for more than 90% of tumor-related 
deaths that can be largely attributable to the significant 
challenges in tumor detection at an early stage (12). Lungs 
are a primary location to which many types of cancer 
metastasize. For example, 60–70% of breast cancer patients 
eventually die of lung metastases (1). For patients with 
liver cancer, the 5-year survival rate is 96.1% if there are 
no lung metastases, but, if there are lung metastases, the 
survival rate drops to 50.1% (13). To detect lung metastases, 
CT remains the most widely used technique due to its 
higher resolution and sensitivity than MRI and PET (14). 
However, despite CT’s resolution and sensitivity, its use still 
results, in our analysis, in a considerable rate of missed (36%, 
36/100) detections of lung metastases on the earliest scans. 

Based on the analysis of the spatial distribution of the 
missed nodules, we found that there were 228% more 
missed nodules in the right lung than the left lung. The 
reason behind this observation could be that the right lung 
is larger and has more blood vessels than the left lung, with 
the latter situation allowing for more cancer cells to leave 

the circulation system and settle into the lung (15,16). 
The difference in the density of blood vessel in a local area 
may also explain why we found more missed nodules in 
the center region as this region is near the hilum and rich 
in blood vessels. In the outer region, the size of the blood 
vessels may be very similar to the size of nodules, causing 
more nodules to be missed by a radiologist. The sizes of the 
missed nodules located in the lower region were statistically 
larger than those in the upper and center region. We posited 
that, because the blood vessels in the lower region are large 
and comparable to the sizes of the nodules, detection of the 
nodules is difficult. 

It is interesting to note that the distance from a nodule 
to the nearest blood vessel may have some effects on 
the likelihood of detection of the nodule. There was 
a statistically significant shorter distance between the 
missed nodules and nearby blood vessels than between the 
accurately detected nodules and nearby blood vessels. The 
close proximity of a nodule and a neighboring blood vessel 
may be a primary reason that some nodules are missed in 
diagnosis, particularly in scans S1 on which the nodules 

Table 3 Characteristics of missed nodules on scans S1 and S2

Location S1 S2

Region

Upper region (n=33) 2.23±0.72 (0.92–3.94) 3.60±1.58 (1.81–9.78)

Center region (n=133) 2.65±1.26 (0.67–7.60) 3.85±1.67 (1.52–8.88)

Lower region (n=28) 3.18±1.59 (1.25–7.48) 5.53±3.03 (1.89–15.63)

P value 0.013 0.001

Zone

Inner zone (n=32) 2.89±1.48 (1.14–7.48) 4.49±2.76 (1.69–15.63)

Middle zone (n=47) 2.43±0.94 (1.06–5.59) 3.77±1.81 (1.52–11.90)

Outside zone (n=95) 2.69±1.32 (0.67–7.60) 4.08±1.83 (1.81–9.78)

P value 0.263 0.299

Results are presented as mean ± SD (range). SD, standard deviation.

Table 4 The distance of adjacent blood vessels to the nodules and the sizes of the blood vessels

Variables Miss nodules (n=174) Non-missed nodules (n=64) P value

Distance (mm) 4.34±1.68 (1.48–11.15) 7.66±3.79 (2.86–23.46) 0.001

Size of vessel (mm) 1.39±0.49 (0.51–3.20) 1.64±0.66 (0.64–4.53) 0.001

Results are presented as mean ± SD (range). Distances were measured from the center of a nodule to the center of its nearest blood 
vessel. SD, standard deviation.
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are small. Our results showed that the diameters of missed 
nodules ranged from 0.67 to 7.60 mm, and that nodules 
with diameters less than 2.66 mm were more likely to be 
missed; 66% (114/174) were smaller than 2.66 mm and 
34% (60/174) were larger than 2.66 mm, as shown by the 
broken line in Figure 3. It has been reported that metastatic 
nodules less than 10 mm were likely to be missed in PET/
CT examinations (17-19) whereas MRI examinations 
tended to miss nodules smaller than 4.0 mm (20,21). Due to 
the resolution of CT, our broken line is lower than that of 
the MRI. 

Typically, in clinics, solitary nodules are more likely to 
be missed than multiple nodules. However, we found more 
cases of missed multiple nodules in S1 scans. We posit two 
explanations for this finding: first, there are more cases of 
multiple nodules in lung metastases, constituting a large 
baseline; and, second, solitary nodules are generally larger 
than multiple nodules, as evidenced by the statistically 
significant differences in their sizes and, thus, solitary 
nodules are relatively easier to find. 

Our study provided new insights into the process of 
detecting lung metastases by CT by showing that, with 
careful examination, many lung metastases can be detected 
on the initial CT scans, particularly small nodules that 
may be indicative of malignancy (22,23). Among the 174 
missed nodules, 3% (5/174) remained approximately 
the same sizes on S2, 3% (5/174) became smaller on S2, 
and 94% (164/174) of the nodules became larger on S2. 
Schematically, several options are available if a metastasis 

is found: (I) fine-needle aspiration (FNA) biopsy may be 
performed to provide pathological confirmation (14); (II) 
an additional CT scan may be ordered sooner than the 
current guideline suggests; or (III) a PET/CT scan may 
be performed to provide additional information about 
the suspected malignancies (24,25). We found that close 
adjacency to blood vessels adversely affects the sensitivity 
of detecting nodules and, thus, our findings may suggest 
the need to facilitate the development of computer aided 
detection (CAD) techniques for distinguishing blood vessels 
from suspected lesions to assist clinicians in making better 
decisions (26-28). Through CAD techniques, the radiologic 
appearance of the nodules such as size, shape, and margin 
characteristics can be combined with clinical information to 
produce an integrated input for clinicians. 

This study, to the best of our knowledge, is the first 
work to analyze CT examinations performed at different 
time points to show that more than one-third cases of 
metastases are already visible on the initial scans and, thus, 
it is feasible to use CT to detect lung nodules at the earliest 
stages. The findings provide the basis for our developing 
criteria for diagnosing lung metastases, an area that, so far, 
has had no specific guidelines. Although there are American 
College of Radiology (ACR) appropriateness criteria for 
detecting primary pulmonary nodules, there is currently 
no established role for the use of CT in monitoring lung 
metastasis. This work is significant in that it evidences the 
need and method for improving the sensitivity of diagnosing 
lung metastasis through the use of CT months earlier in the 
timeline of care of lung cancer patients.   

In clinics, for primary lung cancer diagnosis, nodules 
less than 5 mm may require follow-up. However, for lung 
metastases, because they may develop very quickly, it is 
important to be able to identify them as early as possible. In 
addition, the detection of lung metastasis may change the 
staging of the cancer and this information may influence 
clinical decision-making; thus, missing early-stage lung 
metastases has a negative impact for clinics and finding 
them promptly will clinically benefit patients.

Our study has some limitations. First, due to the nature 
of this retrospective study, there is insufficient information 
on the follow-up with patients, whether their lung 
metastases were detected in S1 or S2. For some patients, 
after checking out from an institution and continuing 
their treatment at different institutions, it is difficult to 
maintain a close follow-up on their health status. Second, 
as the patients received different types of treatment on 
their primary cancer, this difference may have had some 
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Figure 3 Sizes (in diameter) of the 174 missed pulmonary nodules 
measured on HRCT. Mean diameter of the nodules was 2.66 mm 
in diameter (broken line). Minimum and maximum diameters were 
0.67 and 7.60 mm, respectively. HRCT, high-resolution computed 
tomography.
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effect on the likelihood that they develop lung metastasis 
in the future. For example, it is unclear whether patients, 
who received systematic chemotherapy, experienced any 
effect in the delay or reduction of risk of lung metastases 
as compared to the patients who had surgery or other 
radiotherapy. From this perspective, it is beneficial to 
consider a patient’s clinical diagnosis and types of treatment 
to predict the probability of lung metastases and to integrate 
that information with radiology examinations for accurate 
and robust detection of lung metastasis.

In this work, the slice thickness was 2 mm, which was 
sufficient for finding nodules larger than 2 mm. For nodules 
smaller than 2 mm, unless they fall exactly between two 
slices, they can also be found. This work is confined to 
the finding of lung metastases with loci that were usually 
clearer than diffuse lung metastasis. In clinics, diffuse lung 
metastases are not difficult to detect. Therefore, this work 
has the benefit of assisting clinicians to find non-diffuse 
metastatic lesions.

Conclusions 

There were a considerable percentage of early lung 
metastases that were missed by radiologists but appeared 
on CT scans. The capability of CT to reveal such early 
metastases opens up an opportunity to move up the time 
points of detecting lung metastases through clinical and 
training improvements and technology development, such 
as computer-aided detection and machine learning.
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Supplementary

Figure S1 Division of the lungs into the upper, center, and lower 
regions.
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Figure S2 Division of the lungs into the inner, middle, and outer 
regions.
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