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Introduction

Approximately 50,000 patients undergo surgical treatment 
of early stage lung cancer in the United States each year (1).  
The use of computed tomography (CT) and positron-

emission tomography (PET) scans has become a standard 

part of the diagnostic and post-treatment surveillance 

strategies in patients with lung cancer (2-7). These imaging 

studies are routinely used to monitor for recurrence, 
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response to therapy, and disease progression. Several 
organizations devoted to the care of patients with lung 
cancer have established guidelines for routine postoperative 
surveillance with the use of cross-sectional imaging at 
specified intervals after resection (5-11). 

The primary premise supporting the practice of post-
treatment surveillance is that the timely detection of disease 
recurrence or a second primary lung cancer facilitates 
prompt intervention and therefore improved subsequent 
disease survival. There exists substantial variability among 
the recommendations of different guidelines, ranging 
from routine clinic visits with or without imaging, chest 
radiographs at 3 and 6 months, or semiannual chest CT 
scans after resection (5,6,9-11). In general, postoperative 
imaging evaluation is recommended to occur more frequently 
in the first 2 years after surgery, when recurrence risk is felt 
to be greatest. Whether these surveillance strategies have 
translated into meaningful improvements in lung cancer 
specific oncologic outcomes remains controversial (7,12-15).

There is a paucity of data with regard to specific patient- 
and system-related barriers for the implementation 
and adherence of surveillance imaging guidelines after 
surgical treatment of early stage lung cancer. We sought 
to characterize patterns of surveillance after anatomic 
lobectomy for pathologic stage I non-small cell lung cancer 
(NSCLC) at our institution and to identify the impact of 
various demographic factors on patterns of surveillance. We 
hypothesized that sociological and demographic traits may 
render some subgroups of patients to be at higher risk of 
delayed or missed surveillance imaging visits. 

We present the following article in accordance with the 
STROBE reporting checklist (available at https://dx.doi.
org/10.21037/jtd-21-1254).

Methods

After obtaining institutional review board approval (protocol 
PA17-0765, approved 10/03/2017), the Thoracic and 
Cardiovascular Surgery Departmental database at MD 
Anderson Cancer Center was queried for all pathologic 
stage I NSCLC patients (TNM 8th edition) who underwent 
lobectomy from 2007 to 2017. Charts were reviewed, and 
demographic characteristics and surveillance details were 
captured. We reviewed the number of imaging studies 
performed after surgery, including both internal and 
external studies. The study was conducted in accordance 
with the Declaration of Helsinki (as revised in 2013). Due 
to the retrospective nature of our data review, informed 

consent was not obtained.
Patients were categorized based on distance traveled from 

their homes to the institution and placed into two groups: 
<100 vs. ≥100 miles. The distance variable was classified 
in this manner in order to effectively capture out of state 
patients. Since the majority of the patients cared for at our 
Institution (about 70%) live in the state of Texas, this distance 
could be reflective of a more rural environment or at least a 
barrier to return to our facility for survivorship care.

We defined the minimal standard of surveillance imaging 
studies (MSSIS) as obtaining at least 7 studies in the first 
5 years after resection (CT and/or PET-CT studies). We 
strive, at minimum, to see patients every 6 months for the 
first 2 years and then yearly for the next 3 years, recognizing 
that some patients deemed to be at higher risk of recurrence 
based may be followed initially every 3 months. Cross-
sectional imaging, typically consisting of a CT chest, 
accompanies each of these visits. This is our institutional 
protocol and has been consistent throughout the study 
period. The patients who were lost to follow up were 
included in the no MSSIS groups and analyzed accordingly.

At our institution, patients are usually followed using 
phone, email, and “My Chart” (web based application in our 
electronic medical record, Epic). We send frequent reminders 
to all patients regarding upcoming testing and appointments. 
Additionally, we have a robust survivorship department that 
is in charge of ensuring adequate follow up for patients.

We assessed the impact of gender, ethnicity, marital 
status, and distance from hospital on patterns of post-
treatment surveillance. Due to the retrospective nature of 
our data review, informed consent was not obtained.

Statistical analysis

Statistical analysis was performed using SPSS 16 Software 
(IBM Corporation, 1 New Orchard Road, Armonk, 
NY, USA). Student’s t-tests were used for the analysis 
of continuous variables with a normal distribution. Chi-
squared or Mann-Whitney tests were used for univariate 
analysis of categorical variables. For this analysis, a 
forward stepwise multivariate logistic regression model 
was created using MSSIS as the dependent variable and an 
entry threshold of P<0.05 for entry of potential predictor 
variables into the model. Potential predictor variables for 
this model included the preoperative and intraoperative 
patient- and procedure-related variables. Kaplan-Meier 
survival analysis was utilized to estimate all-cause mortality. 
Statistical significance was accepted at P<0.05.
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Results

Patients

A total of 1,288 patients met inclusion criteria (Table 1). 
The mean age at time of surgery was 65.5±10.1 years, 589 
(45.7%) patients were male, 1,081 (83.9%) were Caucasian, 

and 924 (71.7%) were married.

Surveillance

The mean fo l low-up per iod for  th i s  cohort  was  
54.2±36.4 months (median 49.3 months), during which 
time the average number of surveillance imaging studies 
was 9.0±6.8 (range, 1–44). Among all patients, only 36% 
(464/1,288) patients achieved MSSIS and in patients alive 
for more than 5 years, 68.4% (270/395) achieved MSSIS.

Predictors of appropriate surveillance:

On univariate analysis, likelihood of achieving MSSIS 
was not predicted by age, gender, ethnicity, or receipt of 
minimally invasive procedure (Table 1). Being married 
[75.6% (351/464) vs. 68.8% (366/537); P=0.02] and a larger 
tumor size (2.63±0.04 vs. 2.49±0.05 cm, P=0.03, 95% CI: 
1.03–1.31) were associated with a greater likelihood of 
MSSIS (Table 1). 

Subgroup analysis in patients that were married and 
obtained MSSIS showed that 68.8% of married women 
obtained MSSIS in comparison to 84.1% of married men. 
Furthermore, women who did not obtain MSSIS and were 
married accounted for 59.7% in comparison to 79.5% of 
married men who did not obtain MSSIS (Figure 1).

Overall, the patients residing <100 miles from the 
hospital were more likely to have appropriate surveillance 
than those residing >100 miles (10±7.3 vs. 8.2±6.3; 

Table 1 Univariate analysis of variables associated with obtaining minimal standard of surveillance imaging studies (MSSIS) after resection of ear-
ly-stage lung cancer

Variables No MSSIS (n=824) MSSIS (n=464) P value

Age (years), mean ± SD 65.74±9.99 65.36±9.77 0.54

Gender (male), n (%) 377 (45.8) 208 (44.8) 0.75

Caucasian, n (%) 701 (85.1) 395 (85.1) 0.83

Tumor size (cm), mean ± SD 2.49 (±1.01) 2.63±1.09 0.03

Distance to Institution (miles), mean ± SD 295.33±467.34 206.34±312.81 0.001

>100 miles group, n (%) 487 (59.2) 233 (50.9) 0.02

Married, n (%) 567 (68.8) 351 (75.6) 0.01

Thoracoscopy, n (%) 406 (49.3) 253 (54.5) 0.1

Stage IA, n (%) 479 (58.1) 241 (51.9) 0.05

Stage IB, n (%) 345 (41.9) 223 (48.1) 0.05

Survival, n (%) 624 (75.8) 364 (78.4) 0.41

Figure 1 Subgroup analysis of patients in the minimal standard of 
surveillance imaging studies group (MSSIS) and no MSSIS groups 
stratified by marital status.
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Figure 2 Number of imaging studies obtained in patients that 
resided <100 miles and >100 miles from our Institution in the first 
12 months, 24 months, 60 months, and total, postoperatively after 
resection of early-stage lung cancer.
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Table 2 Multivariate logistic regression model with variables  
associated with obtaining minimal standard of surveillance imaging 
studies (MSSIS) after resection of early-stage lung cancer

Variables OR 95% CI P value

Tumor size 0.87 0.77–0.99 0.02

Distance to Institution 1.01 0.99–1.00 0.06

Married 0.65 0.49–0.87 0.003

P=0.001). There was no difference in the frequency 
of postoperative imaging between the patients in the  
<100 miles and >100 miles groups in the first 12 months 
(2.0±1.4 vs. 1.8±1.3; P=0.09). However, those patients 
living closer to the institution underwent more imaging 
studies in the first 24 (4.1±2.2 vs. 3.7±2.0; P=0.006) and 
60 months postoperatively than those living further away 
(8.0±5.1 vs. 6.6±4.2, P=0.001; Figure 2). These findings 
suggest that initial surveillance practices start out similar 
between these two groups, but that those patients who have 
to travel further have a greater tendency to fall off of the 
recommended surveillance course with time. 

On multivariate analysis, tumor size (OR =0.87, 95% 
CI: 0.77–0.99; P=0.001) and marital status (OR =0.65, 95% 
CI: 0.49–0.87; P=0.003) were confirmed to be associated 
with obtaining MSSIS (Table 2). Distance from the hospital 
showed a tendency towards statistical significance, as well 
(P=0.06).

There was no difference in overall survival between the 
patients that obtained MSSIS compared to those who did 
not (78% vs. 75%; P=0.34) with a mean follow up period of 
54.2±36.3 months.

Discussion

In this study, which evaluated a homogenous group of 
more than 1,200 patients who underwent lobectomy for 
pathologic stage I NSCLC at a single institution, we 
demonstrated several important findings. Disappointingly, 
only barely over a third of all patients received minimal 
expected imaging studies for surveillance in the first five 
years after surgery. In addition, we showed that there are 

sociological risk factors that render patients less likely 
to receive adequate surveillance, specifically with regard 
to marital status and location of residence relative to 
the medical center. These findings are important as we 
contemplate strategies to ensure that all patients receive 
high quality and equitable cancer care through all stages of 
treatment and survivorship. 

In a study reported by Sharma et al., the use of CT 
and PET imaging for surveillance after curative-intent 
surgical resection of early-stage lung cancer increased 
from 13.7% to 57.3% in the United States between 1997 
and 2005 (4). While it is reassuring that cross-sectional 
imaging surveillance is on the rise, findings by Sharma, 
which are corroborated by our results herein, clearly 
show that there is room for improvement overall, and 
specifically with regard to certain patient subgroups. These 
persistently disappointing numbers may be explained 
by a potential under capturing of the imaging obtained 
outside of the primary health system, to lower adherence to 
surveillance guidelines in the community, or to inadequate 
understanding of the overall benefits and rationale for 
ongoing surveillance. 

In a prior study of Medicare beneficiaries treated 
curatively for NSCLC, the investigators found that 61.4% 
of patients received guideline-adherent surveillance during 
the first 2 years after treatment (which included surgical as 
well as nonsurgical therapies) (16). The reported rates of 
CT and PET scans in the first year after treatment were 
78.5% and 28.9%, respectively. Adherence with surveillance 
imaging was associated with younger age, higher income, 
more comorbidities, access to primary care, and receipt of 
SBRT as the primary treatment modality (16).

In our study population, we did not find MSSIS to be 
associated with age, sex, ethnicity, or operative approach. 
However, we did find that MSSIS was associated with 
living closer to the hospital. Further, those patients who 
lived closer to the hospital were more likely to have greater 
numbers of imaging studies in the first 2 and 5 years 
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after surgery. This is an important finding, as previous 
studies have reported a marked decrease in adherence to 
surveillance guidelines after the first 2 years from surgical 
resection (16), and we have found this to be specifically true 
in patients who live further from the hospital. Strategies 
to optimize access to local imaging centers as part of the 
preoperative or survivorship planning may help improved 
adherence to surveillance guidelines long-term. 

In our study, we found that patients who were married 
had a greater likelihood of MSSIS, potentially affecting 
their long-term oncologic outcomes. Prior reports in the 
literature have described the association of marital status on 
oncologic outcomes for different solid tumors. For example, 
in a recent study by Zhang et al. on patient with gastric 
adenocarcinoma, married patients had a better 5-year OS 
(32.09% vs. 24.61%, P<0.001) and 5-year cancer-specific 
survival (CSS) (37.74% vs. 32.79%, P<0.001) than their 
unmarried counterparts. The authors hypothesized that 
these observations could be explained by undertreatment 
and lack of social support in unmarried patients (17). 
Further, in a population based study describing the effect of 
martial status on lung cancer patients in Belgium, both men 
and women appeared to benefit from being in a relationship 
with a highly-educated partner. Men appeared to benefit the 
most from the educational level of their partner and women 
benefited more by their housing conditions (18); one could 
hypothesize that interventions to target specific high risk 
groups, such as single cancer survivors, would be beneficial.

Even though our study did not find a difference in the 
frequency of surveillance imaging with regards to ethnicity, 
previous reports in the literature have found a lower 5-year 
survival between 2004 and 2009 in black patients compared 
to white patients with lung cancer (14.9% vs. 19.4%) 
(19,20). To our knowledge, the frequency of surveillance 
imaging in specific subgroups has not been specifically 
evaluated and should be considered a priority for quality 
improvement initiatives to help address health disparities 
and standardize cancer follow up in the population. 
Moreover, we recognize that the benefits of early detection 
are manifest in numerous other ways, such as extent and 
modality of treatment required. Ultimately, we believe 
that our study is relevant to the existing literature as it 
provides a foundation for understanding disparities in post-
operative follow-up, and it justifies further investigations 
in survivorship care. Furthermore, an area that has lately 
shown to have a tremendous potential in survivorship care 
is telemedicine, which may provide a means to bridge travel 
distance, poor patient adherence, and facilitate access to 

care (20). Furthermore, additional ways to improving the 
frequency of surveillance imaging could to be to strengthen 
relationships with different medical centers around the 
country, more collaborative electronic medical record 
platforms, and optimizing patient education. Ultimately, 
in order to improve surveillance compliance, we need to 
understand the barriers, and thus, a needs assessment would 
be very helpful to clarify the challenges faced by patients 
who travel further.

The findings of this study should be interpreted in the 
setting of several limitations. Given the retrospective nature 
of the data, comparisons of the study groups can suffer from 
some degree of bias. Theoretically, patients could have been 
seen outside of our institution by other local physicians 
accounting for a degree of under capturing. Nonetheless, it 
is our practice to have thorough involvement in survivorship 
follow-up and studies performed by other institutions are 
routinely captured and screened into our system.

We accounted for CT scans of the chest or PET-
CT performed after the date of operation. If the patient 
underwent an additional CT chest after their operation for 
a different reason, this would increase their surveillance 
imaging number per our methodology. We were not able 
to elucidate the indication for imaging from these data. 
We recognize that for some patients, this may introduce 
some confounding factors but believe that in general, we 
are capturing surveillance scans for patients with early stage 
lung cancer.

Overall, patients lost to follow up were considered as 
having no imaging after surgery. It is possible that the 
patients were obtaining imaging elsewhere and were not 
captured by our system but we believe that this event would 
be rare given the way survivorship care is handled at our 
institution. Despite these limitations, we believe that this 
study has the strengths of a rigorously maintained database 
and yields strong, generalizable results.

Conclusions

Importantly, we have shown that, despite well-established 
surveillance guidelines, two-thirds of patients do not receive 
appropriate imaging at our institution. Tumor size, being 
married, and living <100 miles from the medical center were 
associated with an increased number of imaging studies 
in the first 5 years and greater adherence to standards for 
surveillance. Further investigations to elucidate predictors 
of inadequate surveillance and survivorship strategies are 
needed, as well as efforts to address such barriers as they are 
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identified. 
Future directions for this project include using travel 

distance and local zip code data to analyze the influence 
of socioeconomic status on adherence to surveillance 
guidelines.
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