
Abstract. Background/Aim: Patients treated for early-
stage non-small cell lung cancer (NSCLC) need post-
treatment surveillance for detecting recurrence of disease.
The aim of this study was to provide evidence for the
appropriate follow-up. Patients and Methods: The overall
survival (OS), 1- and 3-year survival and progression-free
survival (PFS) were retrospectively compared between two
imaging modality groups. One group received only chest
radiographs (CR group) and one group received chest
radiographs and at least one computed tomography scan
(CT group). Results: Patients in the CR group (n=50) had
no inferior OS (hazard ratio (HR)=1.427, 95% confidence
interval (CI)=0.755-2.695, p=0.273) and PFS (HR=1.156,
95% CI=0.645-2.069, p=0.627) compared to patients in the
CT group (n=23). Both 1- and 3-year survival were equal
in the two groups (HR=5.544, 95% CI=0.530-58.031,
p=0.153 and HR=1.540, 95% CI=0.752-3.154, p=0.238,
respectively). Conclusion: Follow-up with a chest
radiography did not result in inferior clinical outcomes
compared to follow-up with a CT scan. 

Lung cancer is the leading cause of cancer-related deaths
worldwide (1). Non-small cell lung cancer (NSCLC) is the
most common (approximately 85-90%) established form of
lung cancer and 30% of patients present in an early stage of
disease (defined as stage I and II) (2). 

The standard treatment for stage I and II NSCLC is surgical
resection of the tumor. However, stereotactic body radiotherapy
(SBRT) is a good alternative treatment with equal outcomes in
terms of survival and recurrence rates (3-5). Patients who
completed curative-intended therapy are at higher risk for
developing a second primary lung cancer (metachronous
tumor) or recurrent disease compared to the general population
(6). Therefore, surveillance after treatment is of importance to
provide care without delay, since an early intervention could
increase survival and might improve quality of life (7-9).
A myriad of international recommendations concerning the

intervals and types of imaging modalities (chest radiography
and computed tomography (CT) scan) for post-treatment
surveillance regimes exist for stage I and II NSCLC.
Advantages of a chest radiography are that it is less expensive
and easy to perform technique compared and to compared to
a CT scan. A disadvantage is the risk that tumors of 2 cm or
smaller may not be detected, whereas a CT scan detects more
nodules and lung cancers in an early phase. However, a CT
scan provides more radiation exposure and may lead to more
false-positives that can result in invasive diagnostic procedures
that are costly and can cause morbidity (10, 11). Many
guidelines have been developed, all based on observational
studies and systemic reviews, since no randomized controlled
trials have been performed. The European Society of Medical
Oncology (ESMO) and National Comprehensive Cancer
Network (NCCN) recommend a chest CT scan every six
months, the anti-cancer American College of Chest Physicians
(ACCP) recommends a chest radiography or CT scan every
six months the first two years post-treatment (12-14). Studies
that investigate outcomes after either follow-up with a chest
radiography or with a CT scan are scarce. 
To further establish the appropriate follow-up modality,

the aim of this study was to investigate the clinical outcomes
of patients with recurrence of earlier curative treated stage I
and II NSCLC who underwent surveillance with a chest
radiography or with a CT scan. 
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Patients and Methods

The current study retrospectively reviewed the medical records of
all patients diagnosed with a recurrence of previous treated stage I
and II NSCLC in the Sint Antonius Hospital, Nieuwegein, the
Netherlands, between 2008 and 2014. Treatment consisted of either
SBRT or surgical resection of the tumour. Exclusion criteria were
lack of follow-up, treatment with induction chemotherapy or more
than one tumor at the time of diagnosis. 
The diagnostic work-up and treatment with SBRT or surgical

resection of this cohort have been described earlier (4).
The follow-up schedule consisted of a clinical visit every three

months during the first two years and every three to six months the
years thereafter. During the visits, a thorough medical history and
physical examination were carried out and, in addition, a chest
radiography or a CT scan to detect recurrence of disease was made.
A CT scan was also performed in case of changes on the chest
radiography and/or suspected clinical symptoms. Fludeoxyglucose-
positron emission tomography ((18F-)FDG-PET) scans were
obtained for further evaluation of concerning findings on other
imaging modalities.
Surveillance after therapy started on the first day of treatment.

Progression of disease was defined as locoregional recurrence
(LRR) or distant recurrence (DR). Locoregional recurrences was
defined as recurrence in or adjacent to the planning target volume
or surgical resection or in the ipsilateral hilum or mediastinum.
Recurrences that could not be defined as LRR were considered as
DR. Recurrence in surgical patients was confirmed either by biopsy
or by 18F-FDG-PET scan. Recurrence in SBRT patients was
determined by biopsy, by 18F-FDG-PET scan or determined as
clinically based on imaging. The day of recurrence was defined as
the first observation of the new detected lesion. In this study,
patients with recurrence of disease within three months of treatment
were excluded because they could not have their first regular
follow-up.
The overall survival (OS) is defined as the time between the first

date of treatment and the date of death from any cause or the end
of follow-up with or without disease. The median follow-up was
defined as the time from the start of treatment until death or end of
follow-up. Progression-free survival (PFS) was defined as the time
from the start of treatment until tumor recurrence. Patients alive at
the end of this study (i.e. December 2014) were censored. In this
study, patients were categorized in two groups based on the
surveillance after treatment: a group receiving CT scans with or
without chest radiographs (CT group) and a group receiving follow-
up by chest radiographs without CT scans (CR group). 

Statistical analysis. The primary end point was OS after post
therapy surveillance with a chest radiography compared to follow-
up with a CT scan. The secondary end point was PFS compared in
both imaging modality groups. 
Continuous data were presented as the mean±standard deviation.

The differences between the two imaging modality groups were
tested with the Student’s t-test. Categorical data were expressed as
frequencies and percentages. The Pearson’s Chi square test and
Fisher’s exact test were used to test differences between the two
arms. Survival rates in both imaging modality groups were
evaluated and compared by Kaplan-Meier survival and with the log-
rank test and the Cox proportional hazard analysis. To correct for
potential bias in the selection of CR group versus CT group, we

determined our candidate factors. Candidate factors were described
as factors with p≤0.100 on baseline and/or on univariate analysis
and were incorporated into a multivariable model for primary and
secondary end points. The diffusing capacity of the lung for carbon
monoxide (DLCO) values were not available for two patients from
the CR group and one patient from the CT group. All statistical
analyses were two-sided and values of p<0.05 were considered
statistically significant. Statistical analyses were performed with the
SPSS statistical software program package version 23.0 (SPSS Inc.,
Chicago, IL, USA).

Results

Stage I and II NSCLC was diagnosed in 228 patients between
2008 and 2011. A total of 86 patients developed recurrence of
disease. Thirteen patients were excluded, nine patients due to
loss to follow-up visits and four patients because of recurrence
of disease within three months post-treatment. 

Patients’ characteristics. The baseline characteristics are
presented in Table I. Of the 73 patients, 22 patients were
treated with SBRT and 51 patients underwent surgical
resection. Most patients received only chest radiographs
during follow-up (50 patients, 68%), whereas 15 patients
received one CT, six patients 2 CT scans, one patient 4 CT
scans and one patient 5 CT scans. Patients treated with
surgical resection, received more often a chest radiography
compared to patients who had undergone SBRT (78%
compared to 46% in the CT group, p=0.005). Furthermore,
in the CT group, both forced expiratory volume in 1 second
(FEV1) and DLCO were lower. 

Overall survival. On baseline and/or univariate analysis, the
ECOG performance status, FEV1, DLCO, morphology and
primary treatment were considered as candidate factors for
both primary and secondary outcomes (Table II). On
multivariate analysis, ECOG turned out to have a statistically
significant relationship with survival; patients with an ECOG
0 (hazard ratio (HR)=0.060, 95% confidence interval
(CI)=0.008-0.453, p=0.006) and ECOG 1 (HR=0.091, 95%
CI=0.014-0.584, p=0.011) are at lower risk of dying than
patients with ECOG 2 (reference). Squamous cell carcinoma
had a favorable position for surviving compared to ‘other
morphology’ (HR=0.345, 95% CI=0.124-0.957, p=0.041). It
turned out that there were no confounders in this study. 
The median OS was 22.1 months (interquartile range

(IQR)=14.2-39.2) in the CR group versus 27.2 months
(IQR=18.5-53.2) in the CT group (p=0.122). After
adjustment for the ECOG performance score and
morphology, OS was not different in both groups
(HR=1.427, 95% CI=0.755-2.695, p=0.273) (Figure 1).
Furthermore, the number of CT scans (independent from
contemporary chest radiographs) made during follow-up did
not influence OS (p=0.606).
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The 1-year survival was 80% in the CR group versus 91%
in the CT group (HR=5.544, 95% CI=0.530-58.031,
p=0.153) and the 3-year survival was 30% versus 39%
(HR=1.540, 95% CI=0.752-3.154, p=0.238).

Progression-free survival. The same candidate factors as for the
OS were tracked (Table III). On multivariate analysis, ECOG

has a statistically significant relationship with PFS; patients with
an ECOG 0 (HR=0.063, 95% CI=0.010-0.414, p=0.004) and
ECOG 1 (HR=0.086, 95% CI=0.015-0.489, p=0.006) are at
lower risk for dying than patients with ECOG 2.
The median PFS in the CR group was 14.7 months

(IQR=8.3-26.4) compared to 13.5 months (IQR=8.8-28.0) in
the CT group (p=0.786). Receiving chest radiographs only
did not give an inferior PFS (HR=1.156, 95% CI=0.645-
2.069, p=0.627) and did not influence survival, p=0861
(Figure 2).

Discussion

This retrospective study about follow-up in both surgical and
SBRT patients with curatively treated stage I and II NSCLC
showed that there is no difference in OS and PFS between
the groups receiving follow-up only by chest radiographs
compared to a surveillance with CT scans. This might lead
to the suggestion that a CT scan is not necessarily to be done
during follow-up. 
It is remarkable that, in our study, most patients who

received a CT scan anywhere in their follow-up, received it
in the first year of follow-up (67%). This was comparable to
the trend seen by Sharma et al. (15); they noticed a decrease
from 41.2% to 27.3% in the number of CT scans made
during five years of follow-up. The outcomes in this study
were comparable with the observational data from Sharma
et al. (15). While using the same way of counting
radiological examinations, they found a 15-month survival
of 84% for the whole cohort; the 12-month survival in our
whole cohort was 84%.
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Table I. Baseline patients’ characteristics.

                                          Total            CR group      CT group    p-Value
                                       n=73               n=50              n=23            n.a.
                                                                                                              
Gender (no.)
    Male                                40                    29                  11            0.417
  Female                             33                    21                  12                 
Age (years)                 66,4 (±10.5)    66,5 (±8.9)   66,0 (±13.5)    0.853
Smoking history
    <30 PY                            35                    22                  13            0.548
  30-39 PY                        12                    10                   2                  
  >40 PY                            24                    17                   7                  
  Unknown                         2                      1                    1                  
Primary c-TNM 
    Ia                                     37                    22                  15            0.300
  Ib                                     17                    12                   5                  
  IIa                                    14                    12                   2                  
  IIb                                     5                      4                    1                  
Primary treatment
    SBRT                              22                    10                  12            0.005
    Surgery                            51                    40                  11                 
ECOG (0-4)
    0                                       55                    39                  16            0.336
    1                                       16                     9                    7                  
    2                                        2                      2                    0                  
FEV1 (percentage 
of predicted)                 73 (±23)         77 (±24)        62 (±19)       0.010
DLCO (percentage 
of predicted)                 64 (±20)         68 (±20)        57 (±18)       0.038
Morphology
    SCC                                 16                    13                   3             0.437
    AC                                   33                    22                  11                 
    Unknown                        24                    15                   9                  
No. of CT scans; 
median (range)                 n.a.                  n.a.               1 (4)            n.a.
No. of chest-RG; 
median (range)              4 (0-14)            5 (13)            3 (13)           n.a.
Kind of recurrence
    DR                                   52                    37                  15            0.441
    LRR                                 21                    13                   8                  
Prove of recurrence
    Radiologic imaging        31                    23                   8             0.604
    Pathology                        40                    26                  14                 
    Other                                2                      1                    1                  

AC, Adenocarcinoma; chest-RG, chest radiography; c-TNM, clinical
TNM; DLCO, diffusing capacity of the lung for carbon monoxide; DR,
distance recurrence; ECOG, eastern cooperative oncology group
performance status; FEV1, forced expiratory volume in 1 second; LRR,
locoregional recurrence; n.a., not applicable; PY, pack years; SBRT,
stereotactic body radiotherapy; SCC, squamous cell carcinoma.

Figure 1. Kaplan-Meier of the overall survival. CR, Chest radiography;
CT, computed tomography.



There were no well-comparable studies about the imaging
modality in follow-up after curative-intended treated stage I
and II NSCLC. Westeel et al. (16) started a randomized
multicenter study to compare two surveillance schemes: one
with a CT and bronchoscopy the other with physical
examination and a chest radiography. The results are
pending. 
One study showed that the way of follow-up in the initial

phase after surgery (4-8 months) resulted in a 5-year survival
of 58% for a chest radiography versus 61% for a CT scan
(17). An initial CT scan did not give a superior 5-year
survival compared to no initial imaging (p=0.110). Both a
chest radiography (HR=1.08, 95% CI=1.01-1.16, p=0.032)
and CT scan (HR=1.04, 95% CI=0.96-1.14, p=0.344) did not
give a reduced risk of death. Unfortunately, there is no
statistical analysis about the added value of a CT scan above
chest radiography. A second outcome, on subgroup analysis,
showed that patients with stage I NSCLC might have
benefits from initial surveillance with CT scan in contrast to
patients with stage II (17). Comparison with this study is not
easy because our study focused on the whole period of
follow-up until progression of disease instead of the initial
surveillance and included both surgical and SBRT patients
instead of only surgical patients. Spratt et al. (18) undertook
a research to provide an appropriate schedule for follow-up
in patients treated with SBRT; however, no clear single
answer could be given. 
One study compared prospectively two schedules of

follow-up: physical examination and chest radiography

versus CT scan and fiberoptic bronchoscopy (19). The
median PFS was 19 months (range=1-198). The 3-year
survival from recurrence till death or last date of follow-up
was statistically longer in patients with asymptomatic tumor
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Figure 2. Kaplan-Meier of the progression free survival. CR, Chest
radiography; CT, computed tomography. 

Table II. Univariate and multivariate analysis for OS. 

                                                                                                                 Overall survival
                                                                                                              Univariate analysis      

                                                                                             HR (95% CI)                           p-Value
                                                                                                        
Gender (male vs. female)                                              0.869 (0.522-1.446)                        0.588                                     
Age (continuous)                                                           0.988 (0.964-1.012)                        0.323                                     
                                                                                                                                                                                                 Multivariate analysis

                                                                                                                                                                                   HR (95% CI)                        p-Value

FEV1 (continuous)                                                         0.990 (0.979-1.002)                        0.095                     0.995 (0.975-1.016)                    0.650
DLCO (continuous)                                                       0.989 (0.976-1.003)                        0.119                     0.991 (0.970-1.011)                    0.375
ECOG 2 (ref.)                                                                                                                       <0.000                                                                         0.024
ECOG 0                                                                          0.035 (0.006-0.200)                      <0.000                    0.060 (0.008-0.453)                    0.006
ECOG 1                                                                          0.061 (0.010-0.361)                        0.002                     0.091 (0.014-0.584)                    0.011
Morphology; other (ref.)                                                                                                        0.059                                                                          0.109
Morphology; squamous cell                                          0.430 (0.208-0.889)                        0.023                     0.345 (0.124-0.957)                    0.041
Morphology; adenocarcinoma                                      0.629 (0.358-1.107)                        0.108                     0.597 (0.236-1.508)                    0.275
Primary treatment; SBRT vs. surgery                           1.524 (0.896-2.594)                        0.120                     0.515 (0.137-1.934)                    0.326

CI, Confidence interval; DLCO, diffusing capacity of the lung for carbon monoxide; ECOG, eastern cooperative oncology group performance status;
FEV1, forced expiratory volume in 1 second; HR, hazard ratio; SBRT, stereotactic body radiotherapy.



recurrence (31%) versus 10% in symptomatic patients
(HR=0.46, CI=0.29-073, p<0.001). Unfortunately, the 3-year
survival was unequal to compare, due to a different
definition. Moreover, this study turned out to have a biased
patient population (59% underwent pneumonectomy), which
leads to doubtful clinical interpretation. Kent et al. (20) and
Korst et al. (11) supported that CT scan might not give
superior clinical outcomes; their studies suggested that
routinely scanning with CT scan was not cost-effective and,
moreover, chest CT scan had a low positive predicting value
for recurrences of 53% (11, 20, 21).
A systematic review and meta-analysis about the survival

benefits from intensive follow-up of patients with both
small-cell lung cancer and NSCLC (all stages) showed that
there is a paucity of evidence for different imaging
modalities (21). They identified six small retrospective
studies that showed a trend towards improvement in OS with
a more intensive schedule with CT scan (HR=0.83; CI=0.66-
1.05; p=0.13).
This study has some limitations. First, it is a retrospective

study. Second, it is a single-center study. Third, it includes a
small number of patients. Due to this small number of
patients, we were unable to give appropriate implications for
the best modality and frequency of follow-up and unable to
analyze the subgroup of patients receiving only CT scans.
The study, however, showed no difference in both imaging
modality groups.

In the current study, PET scans were not performed on
regular basis in accordance to the guidelines, though it is
remarkable that there is increasing attention to PET for regular
follow-up after primarily curative treatment in early-stage
NSCLC (22, 23) and a growth of usage of PET scans (15).
In accordance to the Dutch guideline (24) and the ACCP,

routinely chest radiographs provide good information, while
CT is not necessarily to be done and could lead to false-
positive scans and time bias (11). However, there might be
other reasons to recommend a CT scan, like the patients’
emotional distress, the patient-doctor relationship, medicolegal
liability and feedback for the surgeon to improve his
techniques (15, 21, 25).
In conclusion, our study showed that, in patients

diagnosed with stage I and II NSCLC and treated with SBRT
or surgery, a follow-up with only chest radiographs did not
give clinical outcomes that are inferior compared to patients
who received a CT scan anywhere in their follow-up.
However, a clear answer to the best modality and frequency
for follow-up after curative-intended treatment for NSCLC
is not provided. Prospective studies will need to be done to
provide this information.
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Table III. Univariate and multivariate analysis for PFS.

                                                                                                         Progression-free survival
                                                                                                              Univariate analysis      

                                                                                             HR (95% CI)                           p-Value                                    

Gender (male vs. female)                                              1.028 (0.643-1.642)                        0.909                                     
Age (continuous)                                                           0.982 (0.959-1.006)                        0.151                                     

                                                                                                                                                                                                 Multivariate analysis

                                                                                                                                                                                   HR (95% CI)                        p-Value

FEV1 (continuous)                                                         0.995 (0.985-1.005)                        0.331                     0.992 (0.974-1.010)                    0.367
DLCO (continuous)                                                       0.996 (0.984-1.008)                        0.537                     0.999 (0.982-1.016)                    0.901
ECOG 2 (ref.)                                                                                                                         0.004                                                                          0.014
ECOG 0                                                                          0.072 (0.015-0.347)                        0.001                     0.063 (0.010-0.414)                    0.004
ECOG 1                                                                          0.086 (0.017-0.435)                        0.003                     0.086 (0.015-0.489)                    0.006
Morphology; other (ref.)                                                                                                        0.125                                                                          0.085
Morphology; squamous cell                                          0.520 (0.274-0.990)                        0.047                     0.397 (0.157-1.005)                    0.051
Morphology; adenocarcinoma                                      0.856 (0.502-1.461)                        0.569                     0.714 (0.292-1.748)                    0.461
Primary treatment; SBRT vs. surgery                           1.186 (0.713-1.971)                        0.512                     0.414 (0.123-1.392)                    0.154

CI, Confidence interval; DLCO, diffusing capacity of the lung for carbon monoxide; ECOG, eastern cooperative oncology group performance status;
FEV1, forced expiratory volume in 1 second; HR, hazard ratio; SBRT, stereotactic body radiotherapy.
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