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Background: Imaging examinations following sublobar resection of lung cancer often find thickened 
neoplasms around the resection margin. Identifying whether the neoplasms are postoperative recurrence 
or margin granulomas is vitally important. However, the identification mainly depends on the empirical 
judgment of the imaging department or clinicians in each clinical center at present, and there are few 
relevant studies, so it is hard to formulate a relatively unified standard. Therefore, we collected data from 
patients with thickened neoplasms around the resection margin after sublobar resection and sought to 
discover how to differentiate granulomas from tumor recurrence.
Methods: We examined the clinical records of 15 patients with neoplasms around the margins which 
identified as malignant in auxiliary examination reports, and received second surgery after first sublobar 
resection. We collected their postoperative pathology and auxiliary examination parameters. The univariate 
predictors helpful in distinguishing between recurrence and granuloma were analyzed as a diagnostic test.
Results: Of the 15 patients with neoplasms around the resection margin, six were diagnosed with benign 
granulomas, and nine were diagnosed with primary lung cancer recurrence. The results revealed that age, 
gender, specific surgical method, maximum standardized fluorodeoxyglucose uptake value (SUVmax), 
and follow-up time were not significantly different, but there were significant differences in enhanced 
computed tomography (CT) values in several analyses, which calculated by the hospital imaging system. The 
maximum CT values of the tumor recurrence and granuloma were 104.9±8.051 and 130.3±7.017 (P=0.045), 
the minimum CT values (15.67±5.113 vs. −17.17±4.826, P=0.0007) and in the floating range CT values 
(148.00±5.471 vs. 88.11±7.671, P<0.0001), respectively.
Conclusions: Differentiating between tumor recurrence and granulomas after sublobar resection remains 
difficult. However, examining the differences in enhanced CT allows the clinician to make an informed 
diagnosis that aids further investigation and treatment.
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Introduction

Lung cancer is one of the primary malignant tumors 
threatening people’s health (1,2), but early detection and 
treatment can effectively reduce mortality. After surgical 
treatment, the 5-year survival rate of patients with early-
stage lung cancer can be over 80% (3), and the 5-year 
survival rate of patients with adenocarcinoma in situ and 
the adherent growth subtype is close to 100% (4). With the 
widespread use of low-dose spiral computed tomography 
(CT) in recent years, and the enhancement of individuals’ 
awareness of their health care, the early detection rate of 
lung cancer has increased significantly, and more lung cancer 
patients are being diagnosed and treated at an early stage (5). 
At the same time, the use of sublobar resection is gradually 
increasing because it preserves a greater amount of normal 
lung tissue and improves postoperative quality of life. 

However, with the increase in the proportion of sublobar 
resections, the recurrence rate in the margins has also 
been increasing during postoperative follow-up (6,7). In 
some patients who experienced recurrence after sublobar 
resection, specific masses suspected of being recurrence 
tumors were located at the surgical margins, but the 
final postoperative pathological diagnosis proved to be 
granuloma, causing patients to suffer unnecessary surgery. 
Therefore, the differential diagnosis of margin granulomas 
and margin recurrence after sublobar resection is vitally 
important (8,9). Although some researchers have tried to 
confirm the advantages of examinations such as positron 
emission tomography (PET)-CT and diffusion-weighted 
imaging (DWI) in identification (10,11), false positive 
results still occur (12-15). As the most popular examination 
at present, enhanced CT imaging has the advantages of 
easy follow-up, simplicity, and speed and has great clinical 
significance in helping clinicians make a preliminary analysis 
of neoplasms to assist in follow-up diagnosis and treatment. 
We analyzed various enhanced CT image features of these 
neoplasms, hoping to discover meaningful indicators that 
could assist clinical decision-making. We present the 
following article in accordance with the MDAR reporting 
checklist (available at https://jtd.amegroups.com/article/
view/10.21037/jtd-22-987/rc).

Methods

Patients

This a diagnostic test examined the clinical records of 
7,047 patients who underwent lung cancer surgery through 

the Department of Thoracic Surgery of our hospital from 
January 2015 to December 2021. Twenty patients who 
underwent sublobar resection were suspected of recurrence 
because of the auxiliary examination such as CT and PET-
CT, during follow-up and received further care. Of these, 
five patients could not tolerate surgery due to the evaluation 
of their pulmonary function or because they refused 
surgery and biopsy. After multidisciplinary diagnosis and 
treatment (MDT), follow-up was continued. The remaining  
15 patients  underwent repeat surgery because of 
postoperative masses around the resection margin, including 
six cases of benign granulomas and nine cases of lung cancer 
recurrence.

Follow-up

For all lung cancer patients, postoperative follow-up 
consisted of CT examinations every 3 months during 
the first 6 months after surgery, every 6 months after the 
first half year, and every year after 3 years. If the tissue 
thickening around the resection margin was indeterminate 
during the follow-up process, the follow-up interval was 
shortened, and in cases where tumorous lesions could not 
be ruled out, the patient was admitted to hospital for further 
examination and evaluation. All patients’ enhanced CT 
examination reports underwent artificial intelligence (AI) 
analysis and were analyzed and reviewed by more than two 
radiologists. All patients admitted to hospital underwent 
fluorodeoxyglucose (FDG)-PET/CT examinations, and 
specific infection was excluded by various blood indicators. 
All patients received MDT to discuss the treatment plan. 
All patients’ data were collected and recorded. Through 
the verification of surgical records, we ensured a sufficient 
distance from the primary nodule to the resection margin 
during surgery, and intraoperative frozen pathology 
indicated that the resection margin was negative. 

Data

All patients included in the study were examined in 
our hospital and received enhanced CT and PET-
CT examinations with the same mode. The maximum 
standardized FDG uptake value (SUVmax) of the mass on 
the lungs of these patients and the CT value of the mass 
were recorded by enhanced CT. At the same time, the 
patient’s medical history was collected before and after the 
pathological results of the patient’s first operation. Patients 
with a tumor diameter >2.0 cm, solid tumor, presence of 

https://jtd.amegroups.com/article/view/10.21037/jtd-22-987/rc
https://jtd.amegroups.com/article/view/10.21037/jtd-22-987/rc
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vascular invasion or lymphatic infiltration, visceral pleural 
invasion, or tumor spread through air spaces (STAS) were 
defined as high risk (16). The specific surgical methods, 
surgical sites, and other data were also collected. The 
study was conducted in accordance with the Declaration 
of Helsinki (as revised in 2013). The ethical approval 
was waived by Ethics Committee of Renji Hospital, and 
individual consent for this retrospective analysis was waived.

Statistical analysis

SPSS (Version No.18.0.0) software was used for the 
statistical analysis. We employed t-tests and univariate 
analysis of variance to compare the data, where a P value 
<0.05 was considered statistically significant. The results 
were visually displayed using GraphPad Prism (Version 
No.9.3.1) software. The analysis was conducted to find 
meaningful indicators for the differentiation between tumor 

recurrence and granuloma.

Results

Patient characteristics

As shown in Table 1, 15 patients were included in this study 
with an average age of 64.0±10.9 years. The follow-up 
time to tumor recurrence and granuloma was 50.2±29.6 
and 39.2±28.9 months, respectively. There were five males 
and ten females. The pathology of the mass around the 
resection margin was confirmed as lung cancer in nine 
patients and as granuloma in the remaining six patients. All 
15 patients underwent sublobar resection in their initial 
surgery, with 12 cases undergoing segmental resection and 
three undergoing wedge resection. All nodules were ground 
glass opacity (GGO). Three patients with nodules greater 
than 2 cm in diameter were considered unable to tolerate 
lobectomy in their preoperative evaluation for initial 

Table 1 Patient information and univariate analysis results

Variables Total (n=15) Recurrence (n=9) Granuloma (n=6) P

Gender 1.000

Male 5 (33.3) 3 (33.3) 2 (33.3)

Female 10 (66.7) 6 (66.7) 4 (66.7)

Diameter 0.810

≤2 cm 12 (80.0) 7 (77.8) 5 (83.3)

>2 cm 3 (20.0) 2 (22.2) 1 (16.7)

Surgery 0.015

Segment 12 (80.0) 9 (100.0) 3 (50.0)

Wedge 3 (20.0) 0 (0.0) 3 (50.0)

Position 0.109

Left 4 (26.7) 1 (11.1) 3 (50.0)

Right 11 (73.3) 8 (88.9) 3 (50.0)

Pathology 1.000

High-risk 5 (33.3) 3 (33.3) 2 (33.3)

Lobe 0.693

Up 6 (40.0) 4 (44.4) 2 (33.3)

Mid & lower 9 (60.0) 5 (55.6) 4 (66.7)

CEA+ 5 (33.3) 3 (33.3) 2 (33.3) 0.153

Time to reoccurrence for cancer or granuloma (months) 45.8±28.8 50.2±29.6 39.2±28.9 0.487

Data are expressed as n (%) or mean ± standard deviation. “+” means higher than the standard range. CEA, carcinoembryonic antigen.
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surgery and underwent palliative resection.

FDG-PET results

We recorded the SUVmax values of the masses in the 
FDG-PET examination results. As shown in Figure 1, 
although the average SUVmax value in the tumor group 
was higher than that in the granuloma group (14.49±1.320 
vs. 10.08±2.328), this difference was not significant (P>0.05) 
due to the large variance in SUVmax values (exceeding 10) 
in both groups. 

Enhanced CT results

Among the various indicators of enhanced chest CT, we 
mainly focused on the difference in CT values of the mass 
around the margin in the enhanced CT arterial item. The 
contrast agent we used was Tylenol, 100 mL intravenously, 
with an injection rate of 3–4 m/s. We used the special 
software (Carestream Vue PACS) in the hospital imaging 
department to repeatedly measure the whole tissue from 
the sagittal, coronal, and axial positions, avoiding vascular 
shadows and staples. In this way, we determined the CT 
value range of the mass, and recorded its maximum value, 
minimum value, floating range, and average value (Figure 2).  
Figures 3-6 show that the maximum CT values of the 
tumor recurrence and granuloma were 104.9±8.051 and 
130.3±7.017, respectively, and this difference was significant 
(P=0.045). There was also a highly significant difference 
in the minimum CT values between the tumor recurrence 

and granuloma groups (15.67±5.113 vs. −17.17±4.826, 
P=0.0007) and in the floating range CT values (148.00±5.471 
vs. 88.11±7.671, P<0.0001), respectively. Figure 7 show the 
receiver operating characteristic (ROC) curve for maximum 
CT values, the minimum CT values, the floating range CT 
values and area under curve (AUC) of them. There was 
no significant difference in the overall average value of the 
masses. However, given the small sample size of this study 
and no assessment of diagnostic accuracy of CT parameters, 
the conclusion should be made with cautions.

Impact of primary surgery

As shown in Table 1, the univariate analysis results showed 
no significant difference between the tumor recurrence and 
granuloma groups in the surgical location of the mass (left 
or right position, P=0.109 or different lobe, P=0.693). There 
was also no significant difference in the time to recurrence 
(P=0.487) (Figure 8). In terms of surgical methods, all 
patients with tumor recurrence received segmentectomy 
for the initial surgery, and the ratios of wedge resection and 
segmentectomy in patients with granulomas stood at 50% 
each. Among the patients with postoperative recurrence, 
the time to recurrence in those with high-risk factors was 
significantly faster than in those without high-risk factors 
(P<0.0001) (Figure 9).

Postoperative findings

After surgical treatment, all patients with tumor recurrence 
had the same pathological type as the primary tumor. 
One patient with granuloma was considered to have a 
tuberculosis infection after further pathological exam. We 
found some granulomatous tissue in the postoperative 
pathological section of a patient with tumor recurrence who 
was classified into the cancer group.

Discussion

Our results showed that out of all patients with suspected 
recurrence at the resection margin in our center, the final 
pathological diagnosis of lung cancer recurrence was 60% 
(n=9). The methods were all segmentectomy, and all the 
included wedge resection patients had granulomas. This 
differs from the findings of Matsuoka et al. (12). In their 
study, the recurrence rate in wedge resections was higher. 
They suggested that disturbed ventilation and blood flow 
obstruction near the incision margin causes infection around 
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the margin and is the main reason for the formation of 
granulomas. Also, with the popularization of thoracoscopic 
surgery, the use of cutting staplers has increased (17). In 
segmentectomy, the lung parenchyma cut by the stapler 
is usually thicker than in lobectomy and wedge resection. 
Therefore, ventilation and blood flow disturbances near 

the margins are more evident after segmentectomy, and 
granulomas are more likely to occur. However, the study did 
not describe the specific differences between the different 
surgical methods, which is likely to be the main reason for 
the difference between the two studies. At our center, we 
are very cautious about the choice of sublobar resection, 

Figure 2 Measurement of the CT mass value. CT, computed tomography; SD, standard deviation. 
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Figure 3 The maximum CT value for cancer and granuloma. CT, 
computed tomography; HU, Hounsfield units. 

Figure 4 The minimum CT value for cancer and granuloma. CT, 
computed tomography; HU, Hounsfield units. 
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especially wedge resection, for patients undergoing their 
first surgery. All patients who received wedge resection in 
this study had nodules less than 1 cm, and the preoperative 
imaging showed that the consolidation-to-tumor ratio (CTR) 
(solid component size of the tumor/tumor size) of these 
patients was less than 0.25. We also strictly ensured sufficient 
margins during the operation. As for segmentectomy, 
excluding the three patients who underwent palliative 
resection, the CT images and postoperative pathology of 
the other nine patients showed higher tumor malignancy 
than the three patients who underwent wedge resection. 
This is also in line with the view of some researchers that 
the malignancy of the first lung tumor is proportional to 
the recurrence probability after sublobar resection (12,16). 
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Figure 8 The time to reoccurrence for cancer and granuloma. 

Figure 9 The time to reoccurrence for cancer with and without 
high risk.

Figure 6 The CT value difference for cancer and granuloma. CT, 
computed tomography; HU, Hounsfield units. 

Figure 7 The ROC curve for maximum CT values, the minimum 
CT values, the floating range CT values and AUC of them. ROC, 
receiver operating characteristic; CT, computed tomography; 
AUC, area under curve. 
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Additionally, some researchers have suggested that defects in 
intraoperative frozen pathology techniques may be a major 
reason for recurrence at surgical margins. Higashiyama and 
colleagues (18,19) proposed a solution using intraoperative 
lavage cytology (ILC), and Masasyesva et al. reported a 
new method for detecting incisal margins using molecular  
assays (20). However, these new methods need further 
research and data to confirm their effectiveness, so it is 
currently difficult to verify the results of their research.

Aside from imaging all aspects of the first operation, 
the postoperative follow-up has also played a role. Some 
resection margin masses were initially suspected to be lung 
cancer based on imaging features but gradually reduced after 
follow-up and were eventually confirmed as granulomas (17). 
However, some benign neoplasms do not decrease over time 
and even increase (21). Sun et al. reported that 96% of their 
patients had thickening of the resection margin on the earliest 
postoperative follow-up CT, but subsequent follow-up CT 
showed that 25.3% of these areas did not change in shape or 
size over time, 58.7% showed degenerative changes, and only 
16.0% showed progressive changes (22). We also excluded 
most patients with benign lesions by this method, but there 
were still some patients with thickening of the resection 
margin that could not be judged by observation alone, such 
as the patients included in the present study. Regarding the 
speed of development of the masses, patients with a higher 
degree of pathological malignancy had a significantly shorter 
time to postoperative margin recurrence than patients 
without risk factors. However, in the overall comparison, 
there was no significant difference in the development time 
of margin granulomas and tumor recurrence. Consistent with 
other cases reported around the world (23-25), our study 
found a large variance in the time to recurrence in both types 
of masses. In other reports, some patients with relatively low-
grade primary lung cancer who underwent wedge resection 
were found to have peri-margin recurrence after 13 years (25), 
and there were patients with metastatic lung cancer suspected 
of short-term margin recurrence that eventually proved to be 
granuloma (26).

Since the patient’s surgical data and follow-up cannot help 
doctors determine the pathology of the masses, the problem 
has again focused on further examinations. However, 
many reports point out the limitations of other types of 
examinations. For instance, compared with CT examination, 
PET-CT is a better, noninvasive imaging method for 
detecting tumor metastasis and recurrence (27), but it 
also sometimes produces false positive results (17,28,29), 
especially in the identification of margin recurrence in lung 

cancer. The pathology of the neoplasms at the postoperative 
margins remains insufficient. Some researchers found that 
although tumor tissue had a higher SUVmax value than 
granuloma, the final results were not statistically significant 
(12,24). Similarly, in our study, the most important PET-CT 
SUVmax value could not adequately distinguish recurrent 
tumors from granulomas. In our study, the tuberculous 
granuloma case may have been the reason for the 
significantly higher SUVmax value than other cases. Tumor 
markers can also be used to determine tumor recurrence 
during follow-up after sublobar resection (30), but they did 
not play a role in differentiating the two types of masses in 
this study. We found the positive rate of carcinoembryonic 
antigen (CEA) in both types of patients was 33.3%. Normal 
mucosal epithelia, such as oral, colorectal, and bronchial 
mucosa secrete CEA, and smoking and aging also lead to 
elevated serum CEA (31). Some researchers have pointed 
out that DWIs has advantages in identifying recurrence in 
surgical margins and sutured granulomas after lung cancer 
surgery, but there are also limitations in misdiagnosis, tumor 
type, and the population examined (25). Even invasive 
biopsy cannot guarantee a complete diagnosis. Among the 
15 patients in this study, one patient had both granuloma 
and tumor tissue in the final excised mass. Due to possible 
false negatives and its own risk, there are also limitations 
in operating risks and needle biopsy. Therefore, at present, 
only surgery with clear pathology can be used as the gold 
standard for identification.

In this study, we found that CT, as the primary 
postoperative follow-up examination (5), has certain 
advantages over other examinations, including the low 
risk of adverse or allergic reactions. In our country, for 
PET-CT and DWI, both tests are expensive and cannot 
be popularized in most clinical centers for the time being. 
Coupled with their false-positive rate and their respective 
contraindications, accuracy and convenience have been 
greatly affected. Several other researchers are also studying 
how to distinguish granuloma from resection margin 
recurrence using various features of enhanced CT. Several 
indicators have been proposed, such as whether the 
thickened tissue around the resection margin of the mass 
on CT images is smooth or irregular, whether there is 
calcification in the tissue, whether the tissue shows traction 
or invasion of blood vessels and bronchi, or whether there 
is a relatively unique growth pattern. It has also been 
reported that tumor recurrence tends to proliferate on 
the resection margin, whereas granulomas tend to grow 
unidirectionally from the resection margin to the medial 
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side of the lung parenchyma (26). Mizukami et al. found 
that all recurrences grew radially from the incisal margin, 
whereas the granulomas mostly extended along the long 
axis of the incision margin (8). Similar conclusions were 
also found by Kamata et al. (17). Matsuoka and colleagues 
summarized the CT findings from granulomatous margins 
as follows: irregular nodules grew from the margins to 
the medial lung, and some appeared as masses with very 
different densities. However, the manifestations of recurrent 
masses in lung cancer are more complex, and some even 
show abscess-like changes in the lung (12). However, these 
findings have certain limitations. As shown in Figures 10,11, 

the growth patterns of tumors and granulomas on CT may 
be very similar. In our study, we found that in the imaging 
manifestations of enhanced CT, no matter which way the 
new organisms grew, they all had one thing in common: 
in the enhanced CT of the arterial phase, the difference in 
CT values of the granulomas compared with tumor tissues 
was very obvious. In our data center statistics, whether it 
was the maximum or minimum CT value of the mass, there 
was a significant statistical difference between the two kinds 
of masses, as shown in Figures 12,13. It can be seen that, 
compared with the relatively uniform tumor tissue, the 
enhanced CT manifestations of granuloma tissue are often 

Figure 10 Granuloma growing unilaterally along the incisal 
margin 

Figure 12 Necrosis in the center of the granuloma with marked 
enhancement around it.

Figure 13 The density difference of the cancer is small.Figure 11 Cancer growing unilaterally along the incisal margin.
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markedly enhanced areas in the periphery, with necrotic 
tissue in the center.

Although some scholars have tried to distinguish lung 
cancer from granuloma using CT features (32), we have not 
found any other relevant literature that specifically examines 
the difference between recurrence of tumor at the resection 
margin and granuloma in CT values. It is worth noting that 
enhanced CT examination has been popularized in most 
clinical centers in China. At the same time, CT values are 
also data that clinicians can easily obtain and it can indeed 
reflect many properties of tumors, such as density, blood 
flow richness, etc. Some centers even can obtain these data 
through mobile phones and other mobile devices. Therefore, 
it will be of great significance to find out the different rules 
between tumor recurrence and granuloma through these 
easily obtained parameters. We surmise that the reason 
for the different imaging features of tumor and granuloma 
tissues in enhanced CT may be related to their respective 
pathophysiological features. There are many reasons for 
the formation of granulomas, such as using staplers during 
surgery, preoperative or postoperative infection, and foreign 
body reactions (33-36). It has also been reported that 
ventilation and blood flow disturbances near the surgical 
margins are the main causes of infection and granuloma 
formation around the surgical margins (17). Some 
researchers also believe that the artificial materials used in 
surgery, such as bioabsorbable synthetic mesh [polyglycolic 
acid (PGA)] and titanium nails in the stapler, can cause 
foreign body reactions that lead to granuloma formations 
(37-41). By observation of the postoperative pathological 
sections of these patients, we also found that in the 
pathological sections of patients with granuloma, vascular 
tissue, multinucleated giant cells, and granuloma tissue 
are often concentrated in the periphery of the mass, while 
the central part is necrotic tissue. Although necrotic tissue 
also exists in the pathological sections of tumor patients, 
its distribution is more scattered, and large aggregates 
of necrosis are rarely seen, which may be related to the 
stronger vitality and heterogeneity of tumor cells. This also 
explains why the overall variation of granulomatous tissue is 
more pronounced in contrast-enhanced CT images.

Limitations

Our study had several limitations. First, the small number 
of patients and the relatively low incidence of lesions 
limited our data screening to some extent. Furthermore, 
this was a single-center retrospective study with inherent 

selection bias in the patient population. In fact, comparing 
the differences between the two groups can only 
denote differences, not the differential diagnosis ability. 
Additionally, we cannot guarantee that differences in the 
medical images in this study were not due to individual 
differences between instruments and operators. Finally, 
because it was a retrospective study, the lack of sufficient 
data to refine the model may have led to some key points 
being overlooked. Therefore, prospective studies with well-
established prespecified models are necessary.

Conclusions

With the gradual increase in the proportion of sublobar 
resections, the number of postoperative margin recurrences 
has increased, but granulomas on surgical margins are 
not uncommon, and their identification is very difficult. 
Compared with other examinations, this study found that 
enhanced CT value differences can be a more convenient 
and accurate method to assist clinicians in further diagnosis 
and treatment. There are few reports on this aspect at 
present, so it will be necessary to collect more data and 
design corresponding models for additional verification to 
reduce unnecessary surgery for patients.
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