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Purpose
We conducted a retrospective analysis to determine if adjuvant chemotherapy prolongs
overall survival in patients with pathologic stage IB lung adenocarcinoma who had undergone complete resection and were defined as high-risk by a newly developed recurrence
risk scoring model.
Materials and Methods
Patients who underwent curative resection for stage IB lung adenocarcinoma were analyzed
with a newly developed recurrence risk scoring model and divided into a low-risk group and
a high-risk group. The patients in the high-risk group were retrospectively divided into two
groups based on whether they underwent adjuvant chemotherapy or observation. Recurrence-free survival and overall survival were compared between these two groups.
Results
A total of 328 patients who underwent curative resection between 2000 and 2009 were
included in this study, of whom 110 (34%) received adjuvant chemotherapy and 218 (67%)
underwent observation without additional treatment. According to our risk model, 167
patients (51%) were high-risk and 161 (49%) were low-risk. The 5-year recurrence-free survival rates and overall survival were 84.4% and 91.5% in low-risk patients and 53.9% and
74.7% in high-risk patients (p < 0.001). In high-risk patients, the 5-year overall survival rates
were 77% among patients who underwent observation and 87% among those who underwent adjuvant chemotherapy (p=0.019).
Conclusion
Adjuvant chemotherapy prolonged overall survival among high-risk patients who had
undergone complete resection for stage IB lung adenocarcinoma.

Introduction
Lung cancer is the leading cause of cancer death for men
and women worldwide [1]. The 5-year survival rate of stage
IB lung cancer is 54%, which is significantly lower than that
of stage IA cancer (73%) and similar to that of stage IIA cancer (50%) [2]. Several randomized controlled clinical trials
have been performed to assess strategies for increasing the
survival rate in resected stage IB lung cancer; however, they
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have not resulted in the improvements that were expected
[3-5]. Nonetheless, the Cancer and Leukemia Group B 9633
study showed that adjuvant chemotherapy led to an
increased survival rate in stage IB patients with tumors >
4 cm [6]. Therefore, the National Comprehensive Cancer Network has issued guidelines defining high-risk patients with
pathologic stage IB cancer, for whom adjuvant chemotherapy may be recommended [7].
Although there is no question that adjuvant chemotherapy
should only be performed in high-risk patients with stage IB
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lung cancer, controversy exists regarding how to define the
risk level of patients. We previously identified three major
risk factors for postoperative recurrence and created a new
risk model that can distinguish high- and low-risk patients
who have undergone curative resection to treat pathologic
stage I lung adenocarcinoma [8].
We suggest that if adjuvant chemotherapy leads to better
results than observation in patients with pathologic stage IB
lung adenocarcinoma who are classified as high-risk in the
new recurrence risk scoring model, a multicenter prospective
randomized controlled trial may be warranted.
Therefore, this study was conducted to perform a retrospective analysis of the results of adjuvant chemotherapy in
high-risk patients who had undergone curative resection for
stage IB lung adenocarcinoma.

Materials and Methods
1. Patients
The data used in this study were collected from the records
of 1,071 patients who underwent curative resection for
pathologic stage I lung adenocarcinoma between January
2000 and December 2009 at three different hospitals. We
excluded patients who had received any therapy prior to surgery. Of the 1,071 patients identified for this study, 743 (69%)
had stage IA cancer and 328 (31%) had stage IB cancer. This
study was approved by the Institutional Review Board of
Seoul National University Bundang Hospital. Patients’
informed consent was waived due to the retrospective nature
of the study design.
2. Risk stratification
A previous study performed by our lung cancer study
group identified three independent predictors of recurrence
[8]: pathologic tumor size (hazard ratio [HR], 1.03; 95% confidence interval [CI], 1.02 to 1.05; p < 0.001), corrected standardized uptake value (c-SUV) (HR, 1.08; 95% CI, 1.05 to
1.11; p < 0.001), and lymphovascular invasion (LVI) (HR,
1.65; 95% CI, 1.17 to 2.33, p=0.004). Based on the results of
the Cox proportional hazard model, the total score was calculated as: Total score=[0.02238964(tumor size, mm)+
0.5993035(c-SUV)0.01006747(c-SUV0.8)+3+0.01423332
(cSUV3.2)+30.00416585(c-SUV9)+3+0.1980969(LVI)]
44.9955628; terms introduced by addition (+) obligatorily
have a positive value. For terms introduced by subtraction,
negative values of the variable in question result in the term
being treated as zero. LVI is calculated as 1 (present) or 0

(absent).
Score values were obtained for all patients. We were able
predict the probability of 1-year, 3-year, and 5-year recurrence-free survival (RFS) for each patient by applying the
total score to a nomogram or a corresponding score table. We
defined the high-risk group as patients with total scores
belonging to the 70th percentile or above. The recurrence rate
in the development cohort was 20%-30% in each institution,
and the 5-year RFS rate of the top 30 percentile high-risk
score group was 59% (95% CI, 0.54 to 0.66), indicating that
the results resembled stage IIA rather than stage IB. The cutoff value of high-risk sore was 104 point in our risk model.
3. Adjuvant chemotherapy
No uniform indication of adjuvant chemotherapy was
used for the patients analyzed in this study. Adjuvant
chemotherapy was usually performed if patients had wellknown risk factors, such as large tumor size, poor differentiation, LVI, or visceral pleural invasion (VPI). Chemotherapeutic agents also varied across centers. Oral tegafur/uracil
was administered for 1-1.5 years at a dose of 400 mg per day.
Platinum-based adjuvant chemotherapy was started within
4 to 8 weeks of surgical resection. Four cycles of chemotherapy involving cisplatin (80 mg/m2) with paclitaxel or
vinorelbine were performed. Decisions about dose reduction
or dose delay were made by the treating medical oncologist
at the time of the scheduled dose using objective and subjective criteria.
Patients were followed up every 6 months for the first
2 years, and then every 8 months for an additional 3 years.
Data analyzed in this study included patient’s history, physical examination, chest radiograph, and tumor markers. A
chest computed tomography (CT) scan was taken every
6 months for the first 2 years, then every 8 months. If recurrence was suspected, either through newly presenting symptoms or scheduled tests, integrated positron emission
tomography CT (PET-CT) was performed.
4. Statistical analysis
The length of the overall survival (OS) was defined as the
interval between the date of surgical resection and the date
of either death or the last follow-up. The period of freedom
from recurrence was defined as the interval between the date
of surgical resection and the date of the first recurrence or
the last follow-up. An observation was censored at the last
follow-up session when the patient was alive with recurrence-free status or died without recurrence. If a new tumor
developed during follow-up that had a cell type that differed
from the previous lung cancer, this newly formed tumor was
considered a metachronous double primary cancer, and not
VOLUME 49 NUMBER 4 October 2017
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recurrence. Moreover, if multiple lesions of the same histologic type according to the criteria of Martini and Melamed
[9] showed lack of common lymphatic carcinoma, were
located in different lobes, originated from carcinoma in situ,
and after more than 3 years of disease-free survival, they
were not considered recurrence. The Student’s t test and
analysis of variance (ANOVA) were used to compare the distribution of continuous data, and Fisher exact test or the chisquared test was used to compare the frequencies of categorical measures among groups. Five-year RFS rates were
analyzed using the Kaplan-Meier method, and survival
curves were generated. Multivariate analyses were performed using the Cox proportional hazard model. Statistical

analyses were performed using SPSS ver. 18.0 (SPSS Inc.,
Chicago, IL). p-values of < 0.05 were considered to indicate
statistical significance.

Results
1. Patients
Pathological stage IB lung adenocarcinoma was found in
328 patients with a mean age of 63.1 years, of whom 161

Table 1. Clinical characteristics of low-risk and high-risk patients in stage IB lung adenocarcinoma
Characteristic
Sex
Male
Female
Age (yr)
Smoking
Never
Ever
CEA (ng/mL)
c-SUV
Total tumor size on CT (mm)
Solid size on CT (mm)
Total tumor size (mm)
Invasive size (mm)
Visceral pleural invasion
No
Yes
Lymphovascular invasion
No
Yes
EGFR mutation
Wild type
Mutation
Recurrence
No
Yes
Survival
Alive
Dead
Adjuvant chemotherapy
No
Yes

Low-risk group

High-risk group

p-value

62 (38.5)
99 (59.3)
62.4±10.2

99 (61.5)
68 (40.7)
63.7±10.4

< 0.001

113 (60.1)
48 (34.5)
3.4±6.3
2.8±1.4
29.0±12.7
23.1±12.6
27.2±10.0
26.9±9.9

76 (39.9)
91 (65.5)
7.3±16.6
8.5±4.8
34.0±10.1
31.3±10.9
35.1±7.0
34.8±7.2

< 0.001

56 (42.4)
105 (53.6)

76 (57.6)
91 (46.4)

0.048

113 (54.6)
48 (39.7)

94 (45.4)
73 (60.3)

0.009

86 (51.2)
47 (58.0)

82 (48.8)
34 (42.0)

0.012

138 (60.0)
23 (23.5)

92 (40.0)
75 (76.5)

< 0.001

148 (53.2)
13 (26.0)

130 (46.8)
37 (74.0)

< 0.001

104 (47.7)
57 (51.8)

114 (52.3)
53 (48.2)

0.482

0.276

0.013
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001

Values are presented as number (%) or mean±standard deviation. CEA, carcinoembryonic antigen; c-SUV, corrected standardized uptake value; CT, computed tomography; EGFR, epidermal growth factor receptor.
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Fig. 1. Kaplan-Meier estimates of recurrence-free survival (A) and overall survival (B) between low-risk and high-risk
patients. (A) The 5-year recurrence-free survival rates were 84.4% in low-risk patients and 53.9% in high-risk patients. (B)
The 5-year overall survival rates were 91.5% in low-risk patients and 74.7% in high-risk patients.

(49%) were male and 167 (51%) were female. There were 139
ever-smokers (42%) and 189 never-smokers (58%). All
patients underwent preoperative PET-CT imaging, with a
mean c-SUV value of 5.69. According to pathological reports,
the mean total pathological and invasive sizes were 31.2 mm
and 30.9 mm, respectively. LVI was found in 121 patients
(37%) and VPI was found in 196 patients (60%). A total of 110
patients (34%) received adjuvant chemotherapy.

106 months). Recurrence was documented in 98 patients
(30%), including 23 patients (14%) in the low-risk group and
75 (45%) in the high-risk group (p < 0.001). Fifty patients
(15%) died during follow-up period: 13 (8%) in the low-risk
group and 37 (22%) in the high-risk group. The Kaplan-Meier
estimates of RFS and OS are presented in Fig. 1. The 5-year
RFS and OS rates were 84.4% and 91.5% in low-risk patients
and 53.9% and 74.7% in high-risk patients, respectively,
which was a significant difference.

2. Risk stratification
4. Adjuvant chemotherapy
Overall, 167 patients (51%) were classified as high-risk and
161 patients (49%) as low-risk according to risk calculation
based on the nomogram derived from our previously
reported recurrence risk model. The characteristics of the two
groups are shown in Table 1. The high-risk patients were
more likely to be male and ever-smokers than the low-risk
patients. Male patients had a significantly higher SUVmax
(6.6 vs. 4.9, p=0.001) than female patients; however, there was
no difference in age, performance status, tumor size, or the
presence of LVI, VPI, and comorbidity. The high-risk patients
had higher carcinoembryonic antigen levels, higher corrected
standard uptake values based on PET-CT imaging, and
larger total or invasive tumor size. Poor differentiation, VPI,
LVI, and wild-type epidermal growth factor receptor (EGFR)
were found more frequently in high-risk patients.
3. Survival
The mean follow-up period was 49.3 months (range, 6 to

A total of 110 patients received adjuvant chemotherapy,
including 57 low-risk and 53 of high-risk patients. Although
patients who received adjuvant chemotherapy were significantly younger, Eastern Cooperative Oncology Group performance status and presence of comorbidity were not
significantly different between patients with observation and
adjuvant chemotherapy (Table 2). EGFR mutation analysis
was performed in 64% of patients with observation, while it
was performed in 100% of patients with chemotherapy. The
prevalence of EGFR mutation was significantly higher in
patients with chemotherapy.
In addition to cisplatin, the regimens of platinum-based
doublet chemotherapy included vinorelbine in 17, gemcitabine in 14, and paclitaxel in eight patients. The regimen of
gemcitabine and oxaliplatin was used in 10 patients. The
5-year OS rate was 79% in the observation group and 92% in
the chemotherapy group, which was a significant difference
(p=0.001) (Fig. 2). The 5-year RFS rate was 64% in the obserVOLUME 49 NUMBER 4 October 2017
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Table 2. Comparison of clinical characteristics between patients with observation and chemotherapy in stage IB lung adenocarcinoma
Characteristic
Sex
Male
Female
Age (yr)
Smoking
Never
Ever
ECOG performance status
0-1
2-4
Comorbiditya)
None
Presence
EGFR mutation
Wild type
Mutation
Recurrence
No
Yes

Observation (n=218)

Chemotherapy (n=110)

p-value

106 (51.4)
112 (48.6)
64.8±10.8

55 (50.0)
55 (50.0)
60.4±8.7

0.814

125 (57.3)
93 (42.7)

64 (58.2)
46 (41.8)

0.369

201 (92.6)
17 (7.4)

103 (93.6)
7 (6.4)

0.120

119 (54.6)
99 (45.4)

62 (56.4)
48 (43.6)

0.852

96 (44.0)
43 (19.7)

72 (65.5)
38 (34.5)

0.001

147 (67.4)
71 (32.6)

83 (75.5)
27 (24.5)

0.134

0.001

Values are presented as number (%) or mean±standard deviation. ECOG, Eastern Cooperative Oncology Group; EGFR, epidermal growth factor receptor. a)Comorbidity=chronic obstructive pulmonary disease, diabetic mellitus, hypertension, cerebrovascular attack, cardiovascular disease other than hypertension.

5. Complications of adjuvant chemotherapy
There was no discontinuation in patients who received oral
agents as adjuvant chemotherapy; however, four patients
suffered from gastrointestinal (GI) problems and two from
internal bleeding. In patients who received IV chemotherapeutic agents, the discontinuation rate was 10% and complications (all GI trouble) developed in three patients.
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1.0
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vation group and 76% in the chemotherapy group, which
was a marginally significant difference (p=0.053).
In low-risk patients, the 5-year OS rate was 89% with
observation and 96% with chemotherapy, which was significantly different (p=0.032). In high-risk patients, the 5-year
OS rate was 69% with observation and 87% with chemotherapy, which was also significantly different (p=0.019) (Fig. 3).
Among 53 high-risk patients, oral agents were administered
to 30 patients and intravenous chemotherapeutic agents (IV
chemotherapy) to 23. When 23 patients (IV chemotherapy)
were compared with 114 patients (observation) in the highrisk group, mean survival time was 84 months and 76
months in patients with IV chemotherapy and observation,
respectively, which was significantly longer in patients with
IV chemotherapy (p=0.049).
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Fig. 2. Kaplan-Meier estimates of overall survival between
observation and chemotherapy. The 5-year overall survival rate was 79% in patients who received observation
and 92% in those who received chemotherapy.
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Fig. 3. Kaplan-Meier estimates of overall survival between observation and chemotherapy in low-risk (A) and high-risk (B)
patients. (A) The 5-year overall survival rate was 89% in patients with observation and 96% for those who received
chemotherapy in high-risk patients. (B) The 5-year overall survival rate was 77% in patients who received observation and
87% in those who received chemotherapy in high-risk patients.

Discussion
Two major conclusions can be drawn from this retrospective study. First, the nomogram of our newly developed risk
model appropriately defined risk groups for recurrence,
because the high-risk group had a significantly lower 3-year
disease-free survival rate than low-risk patients. Second,
adjuvant chemotherapy significantly prolonged the 5-year
OS rate of high-risk patients when compared to observation
alone.
Traditionally, lung cancer has been considered to be an
aggressive cancer, with a total survival rate of less than 20%.
To increase the survival rate, multi-modality therapies have
been developed, including adjuvant chemotherapy, adjuvant
chemoradiation, and neoadjuvant therapy, with very encouraging results. Therefore, adjuvant chemotherapy is routinely
performed for pathologic stage II non-small cell lung cancer
(NSCLC), while adjuvant chemotherapy and radiotherapy
are routinely performed for pathologic stage III NSCLC
[3-5,10]. However, the effectiveness of adjuvant therapy for
completely resected stage I NSCLC is controversial, especially for stage IB NSCLC. For stage IA tumors, studies have
consistently shown that adjuvant chemotherapy has a negative effect on OS [11]. This is because, although adjuvant
chemotherapy can decrease the recurrence rate after curative
resection, the toxicity of the chemotherapeutic agents and
immunosuppression can increase treatment-related mortality. The Cancer and Leukemia Group B 9633 study enrolled

200 patients with pathologic stage IB cancer and found in
their preliminary report that adjuvant chemotherapy was
associated with an HR for overall mortality of 0.62 (0.44-0.89,
p < 0.014), indicating that adjuvant chemotherapy was beneficial in these patients [6]. Although the results that were
updated 4 years later no longer showed a significant effect
on OS, adjuvant chemotherapy consistently led to an
improved survival rate in patients with tumors larger than 4
cm. Therefore, the National Comprehensive Cancer Network
guidelines define poorly differentiated tumors, vascular
invasion, wedge resection, tumor size > 4 cm, VPI, and
incomplete lymph node sampling as high-risk factors in surgically resected IB NSCLC, and recommend adjuvant
chemotherapy to patients with these risk factors [7]. However, these risk factors have not been shown to be independent indications for adjuvant chemotherapy for patients with
stage IB NSCLC. The lack of a widely accepted and clear definition of high-risk patients has led to inconsistent clinical
application of adjuvant chemotherapy. Therefore, in our previous study, clinical, radiopathological, and outcome data
were evaluated for 1,700 patients with pathologic stage I adenocarcinoma treated at four different centers. A nomogram
for recurrence prediction was developed using Cox proportional hazards regression, and this model was validated in a
cohort of 460 patients in two other hospitals. Pathologic
tumor size, c-SUV, and LVI were identified as independent
predictors for recurrence [8].
Our previous study led us to the conclusion that it is
extremely important to develop guidelines to determine
VOLUME 49 NUMBER 4 October 2017
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which high-risk patients, as defined by our new nomogram,
should be given adjuvant chemotherapy for stage IB adenocarcinoma. Therefore, before embarking on a multicenter
prospective randomized controlled trial, it was important to
validate the role of adjuvant chemotherapy in patients with
high-risk stage IB adenocarcinoma.
In this study, the OS advantage at 5 years was found to be
10% in high-risk patients who were treated with chemotherapy. However, these results should be interpreted with caution because of the inconsistent indications for chemotherapy
and the use of various chemotherapeutic agents and cycles.
A particular weak point is the lack of uniform indications for
adjuvant chemotherapy and the variety of chemotherapeutic
agents in each center.
Another point to consider is that chemotherapy also led to
improved outcomes in low-risk patients, as defined by our
new model. In low-risk patients, the 5-year OS rate was 96%
with chemotherapy and 89% with observation. Although the
difference was smaller than that found in the high-risk
group, it was also statistically significant. There are multiple
reasons for which chemotherapy also improved the OS time
of the low-risk group. First, although smaller tumors were
found in the low-risk group, the average total size was 2.7
cm, which still qualifies as a T1b tumor. Second, and more
importantly, the new risk model did not take VPI into
account as a risk factor. VPI is known to be a major determinant of tumor staging and a risk factor for recurrence and
poor survival [12]. However, in our previous study, VPI was
not found to be an independent prognostic factor, and VPI
was therefore rather common in the low-risk group. Moreover, disagreement exists about the prognostic role of VPI.
Mizuno et al. [13] showed that stage IB adenocarcinoma
patients without pleural invasion had a rate of favorable outcomes that was almost the same as that of stage IA patients,
and therefore suggested that adjuvant chemotherapy can be
omitted for stage IB adenocarcinoma without pleural invasion. In contrast, Nitadori et al. [14] showed that VPI did not
affect the recurrence or OS among patients with lung adenocarcinoma when tumors were smaller than 2 cm. In this
study, patients with stage IB adenocarcinoma and VPI had a
lower 5-year OS time than those without VPI; however, no
difference in the 5-year OS rate was found between patients
with VPI who were treated with adjuvant chemotherapy and
those who underwent observation. Tumor size, SUVmax,
and presence of LVI were prognostic factors in the new
recurrence risk scoring model of this study. Because male
patients had slightly larger tumor and significantly higher
SUVmax, significantly more male patients were included in
the high-risk group.
In patients with adjuvant chemotherapy, OS was significantly longer; however, RFS was not significantly different
between the two groups. There might be a different pattern
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of each group. Therefore, even after recurrence, patients with
adjuvant chemotherapy might have relatively treatable
recurrence when compared with patients who only underwent observation. Accordingly, even though RFS was minimally different, the OS was significantly different.
It should be noted that this study had several limitations.
First, although this was a large-scale, multicenter study, it
was based on retrospective data; therefore, these results cannot be generalized because different results might be shown
in different study populations. To overcome this limitation,
another validation group or prospective randomized trial
would be needed. Second, we could not classify death into
cancer-related death, treatment-related death, or unrelated
death; accordingly, better OS of patients with chemotherapy
may result from better conditions such as younger age, better
performance status, and less comorbidity. Third, EGFR
mutation analysis was only performed in 64% of patients
who received observation. Because the study population was
enrolled from three different hospitals in this study, EGFR
mutation was not evaluated in all of the patients who were
designated as the observation group. This difference may
have influenced the better survival observed for patients
who received adjuvant chemotherapy.
This retrospective study demonstrated that adjuvant
chemotherapy had a positive effect on the OS rate of patients
who had undergone curative resection for stage IB adenocarcinoma and were identified as high-risk by our new risk
model. In light of these results, it may be worthwhile to conduct a multicenter prospective randomized trial to evaluate
the effects of chemotherapy on such patients.
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