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Background: The effects of surgical approach and adjuvant chemotherapy (AC) of early stage pulmonary
mucinous adenocarcinoma (MAD) have not been thoroughly studied yet. This study intends to clarify
whether AC provides clinical benefit to the early stage MAD patients and the survival difference between
surgical approaches.

Methods: All cases of stage I MAD were identified from the SEER database during the period of 2009-
2014. The primary cohort was divided into AC and surgery (S) groups. Meanwhile, the patients with tumor
<1 cm were divided into lobectomy and sublobar resection group. Clinical characteristics, treatments and
survival data including overall survival (OS) and cancer-specific survival (CSS) were analyzed.

Results: A total of 1,816 patients were included in the final cohort. Referring to surgical procedure, 140
patients received lobectomy and 75 patients received sublobar resection. AC showed worse survival outcomes
than surgery alone (OS: 71.2 vs. 93.4 months; CSS: 74.9 vs. 101.1 months). No significant difference was
observed between lobectomy group and sublobar resection group (OS: 97.3 vs. 93.1 months; CSS: 103.7 vs.
101.3 months). Consistent results were also shown after the propensity score matching analysis (PSM) was
applied.

Conclusions: Early stage of MAD has an ideal prognosis. AC may bring adverse effects which would lower
OS and CSS of stage I MAD patients. No significant difference is observed in the comparison of prognosis

between lobectomy and sublobar resection in tumor size <1 cm MAD patients.
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Introduction

Lung cancer is still the leading cause of cancer-related
death in the world. Besides, the prevalence of lung cancer
is increasingly high. It can be classified as non-small cell
lung cancer (NSCLC) and small cell lung cancer (SCLC),
which accounts for 80-85% and 20% (1). Among NSCLC,
adenocarcinoma (AD) is the majority type. Mucinous
adenocarcinoma (MAD) is one of the rare subtypes in
AD which accounts for only 5-6% (2). MAD is diagnosed
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according to the pathological and morphological features
with abundant intracytoplasmic mucin and columnar or
goblet cancer cells (3). Travis ez 4/. had also reported that
MAD tended to develop as multicentric or multilobar
pathologically (4). Because of its rare prevalence, the clinical
and biological features have not been fully studied (2,5). It
had been reported that the MAD was associated with low
incidence of EGFR mutation and high KRAS mutation rate,
which would be primarily resistant to EGFR tyrosine kinase
inhibitors (EGFR-Tkis) (6-8). Furthermore, its prognosis
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had not been fully studied. Some previous studies showed
that MAD had an adverse prognosis (9-12). Nevertheless,
other studies reported an ideal clinical outcome of MAD
comparing to non-MAD patients (13).

A new classification system of lung AD has been
published in 2011 by the International Association for the
Study of Lung Cancer (IASLC), American Thoracic Society
(ATS) and European Respiratory Society (ERS). Besides
MAD, the non-MADs were categorized to five different
subtypes according to their pathological characteristics
including acinar, lepidic, papillary, micro-papillary and solid
predominant types (2). Since the classification system was
proposed, a large amount of studies had been showed the
relation between pathological subtypes and their prognosis.
Patients with lepidic predominant had the best prognosis,
while acinar and papillary had worse prognosis than lepidic.
Patients with micropapillary and solid predominant had the
worst prognosis for a relatively high recurrent rate. Besides,
numerous studies of treatment strategies in each subtype
had also been performed and reported. Surgery was the
first choice in the early stage of each predominant pattern
patients, while adjuvant chemotherapy (AC) was highly
recommended in micropapillary and solid predominant
(14,15). Compared to non-MAD, few studies had been
reported the prognosis and treatment strategy of MAD
especially the early stage of MAD. The necessity of AC
had not been verified on the early stage MAD patients.
Additionally, there is still no consensus on the standard
surgical approach for the patients with less than 1 cm
tumors.

As a result, we intend to demonstrate the clinical
characteristics of MAD and identify different prognostic
factors based on Surveillance, Epidemiology, and End
Result (SEER) database. The effect of AC and different
surgical approaches on the early stage MAD patients would
be analyzed. We present the following article in accordance
with the STROBE reporting checklist (available at http://
dx.doi.org/10.21037/tcr-20-194).

Methods
Data source

The patients diagnosed as stage I AD in the primary site of
main bronchus and lung (SEER primary site code = C340
— C349) were identified. The clinical characteristics and
outcomes were extracted and analyzed. Cases with missing
data, unknown stages or no surgery were excluded after
discussion. A total of 4,789 patients were pathologically
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diagnosed as MAD including signet-ring cell carcinoma
(SRCCQ), solid AD with mucin production (SA), primary
mucinous bronchioloalveolar carcinoma (MBAC) and
mucinous colloid adenocarcinoma (MCA). The study is
consulted by the ethics board of Jiangsu Province Hospital.
Considering the study would be conducted using public
electronic database. The consent of the patients is not
required. The request of accessing SEER database is
also approved by the SEER program in National Cancer
Institute. The selection process of primary cohort was
demonstrated in Figure 1.

Statistical analysis

The primary outcome was overall survival (OS). The
Kaplan-Meier method and log-rank test were used to
demonstrate survival status of the cohort and assess
the prognostic differences between various treatments.
Univariate and multivariate analysis was performed
incorporating gender, age, surgery, stage, AC and
histological subtypes.

The Kaplan-Meier, Cox regression and propensity score
matching analysis (PSM) were performed using the R
(version 3.5.0). Hazard ratio (HR) and the 95% confident
interval (95% CI) were reported. The statistical difference
was considered as significant when P<0.05. All tests were
two-sided.

Result
Clinical features of primary cobort

A total of 4789 MAD patients were identified from the
database. Among them, 2,094 patients were stage I MAD
according to the 6™ edition AJCC TNM stage. The final
cohort contained 1,816 cases despite the those without data
of surgery. In the final cohort, 1,695 patients were classified
in surgery alone group (S) and 121 patients were classified
in adjuvant chemotherapy group (AC). The mean age of
final cohort was 66-year-old while it was 64.2 in AC group
and 66.1 in S group. Female patient and white patients
accounted for a larger proportion of all patients, which were
59.6% and 83.6% respectively.

A total of 1,368 patients (75.3%) was stage IA and 448
patients was IB. In the subgroups, IB patients were 56
(46.3%) in AC group and 392 (23.1%) in S group. The
mean tumor size was 21.8 mm in all patients. Patients in
AC group had larger tumor size than S group (26.3 vs.
21.5 mm, P<0.001). In terms of pathological subtypes,
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Mucin-producing adenocarcinoma of the lung, MPA
1. Primary Site Code:
C340-C349
2. mucin-producing adenocarcinoma of the lung ICD-O-3 code:
8253/3-8490/3
3. Diagnosis years
2009-2014

Excluded (n=278)

* No surgery (n=276)

* Unknown if surgery performed
(n=2)

Figure 1 The selection process of primary cohort.

MAD and mucin-producing AD were the predominant in
both groups. All patients received radical surgical treatments
while 78 patients in AC groups also received postoperative
radio-therapy. The clinical characteristics and oncological
features were demonstrated in Table 1.

Clinical features of patients with <1 cm tumor

Among the stage I MAD patients, 179 were identified
as tumor size <1 cm whose the average tumor size was
8.2 mm. The lobectomy group had 104 patients while the
sub-lobectomy group had 75 patients. The mean ages of two
groups were 64.7 and 67.4 years which was not significantly
different (P=0.118). The mean tumor size of lobectomy
group was larger than the sublobar resection group (8.5 wvs.
7.7 mm, P=0.025). Female patients accounted for a larger
proportion in both groups (73% and 44%). In accordance
with the primary cohort, white patients and MAD were the
predominant race and pathological subtype. A number of
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Stage IA-IB

N=2,094

Final cohort
N=1,816

2 patients received chemotherapy in sub-lobectomy group
while 4 patients in lobectomy group received chemotherapy
(Table 2).

Survival analysis of subgroups

The OS and CSS of S group were both superior to AC
group (OS: 93.4 vs. 71.2 months, P<0.001; CSS: 101.1
vs. 74.9 months, P<0.001) (Figure 24,B). In terms of the
patients with tumor size <1 cm, the sublobar resection
which included wedge resection and segmentectomy
had similar OS and CSS with the lobectomy group (OS:
93.1 vs. 97.3 months, P=0.65; CSS: 101.3 vs. 103.7 months,
P=0.809) (Figure 2C,D). In order to minimize the influence
to the prognostic prediction from the difference of clinical
characteristics, the PSM analysis with 3:1 matching was
therefore performed. The characteristics of patients in post-
matched groups and results were demonstrated in Table S1,52
and Figures S1,5S2. The result was concordant to the result
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Table 1 Demographic and clinicopathologic variables in the patients with stage I mucinous adenocarcinoma
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Clinical characteristics Cohort (N=1,816) Chemotherapy (n=121)  Adjuvant therapy (n=1,695) P value
Age, years 0.114
Mean (SD) 70.0 (9.5) 64.2 (11.1) 66.1 (11.0)
Gender, No. (%) 0.243
Male 654 (52.3) 55 (45.5) 679 (40.1)
Female 597 (47.7) 66 (54.5) 1,016 (59.9)
Race, No. (%) 0.808
White 1,029 (82.3) 88 (81.5) 1,073 (83.8)
Black 104 (8.3) 11 (10.2) 114 (8.9)
Asian 60 (4.8)
Other 58 (4.6) 9(8.3) 93 (7.3)
Tumor size (mm) <0.001
Mean (SD) 26.2 (10.7) 26.3 (11.6) 21.5(9.0)
Grade, No. (%) 0.002
Well differentiated; Grade | 26 (2.1) 39 (32.2) 856 (50.5)
Moderately; Grade Il 472 (37.2) 51 (42.1) 504 (29.7)
Poorly; Grade llI 574 (45.9) 20 (16.5) 95 (5.6)
Undifferentiated; Grade IV 15(1.2) 11 (9.1) 240 (14.2)
Unknown 164(13.1)
Stage, No. (%) <0.001
IA 656 (52.4) 65 (53.7) 1303 (76.9)
B 595 (47.6) 56 (46.3) 392 (23.1)
Surgery, No. (%)
No surgery 176 (14.1)
Sublobar resection 224 (17.9) 78 (81.0) 0 (0.0)
Lobectomy 834 (66.7) 23 (19.0) 1,695 (100.0)
Chemotherapy, No. (%)
Yes 139 (11.1) 38 (31.4) 0(0.0
No/unknown 1,112 (88.9) 83 (68.5) 1,695 (100.0)

of primary cohort indicating that patients in adjuvant
chemotherapy group had worse outcomes (OS: 116 vs.

69 months, P=0.0022) (Figure S3, Table S3).

Discussion

Pulmonary MAD is a special pathological subtype of AD.
Previous reports showed a relatively malignant feature
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and unideal prognosis of MAD comparing to other types
of AD (2,9,10,11). Few studies reported the treatments

and prognosis of early stage of MAD. To fill the gap

of knowledge in treatment for early stage of MAD, we
therefore conducted this study. Regarding to its low
incidence, we chose patients from SEER database which

was sponsored by National Cancer Institute and covered
approximately 28% of US population. In our study, we
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Table 2 Demographic and clinic pathologic variables in the mucinous adenocarcinoma patients with tumor size <I cm

Demographic or clinicopathologic Wedge or segmental resec-

characteristic Patient cohort (n =179) tion (n=75) Lobectomy (n=104) P value

Age, years 0.118
Mean (SD) 65.8 (11.1) 67.4 (11.0) 64.7 (11.1)

Gender, No. (%) 0.110
Male 62 (34.6) 31 (41.3) 31(29.8)
Female 117 (65.4) 44 (58.7) 73(70.2)

Race, No. (%) 0.726
White 158 (88.3) 67 (89.3) 91 (87.5)
Black 15 (8.4) 5(6.7) 10 (9.6)
Other 6 (3.4) 3 (4.0) 3(2.9)

Tumor size(mm) 0.025
Mean (SD) 8.2(2.2) 7.7 (2.5) 8.5(1.9)

Histology, No. (%) 0.244
Mucinous adenocarcinoma or Mucin- 125 (69.8) 57 (76.0) 68 (65.4)
producing adenocarcinoma
Signet ring cell carcinoma 4(2.2) 2 (2.7) 2(1.9)
Bronchiolo-alveolar carcinoma 50 (27.9) 16 (21.3) 34 (32.7)

Grade 0.606
Well differentiated; Grade | 113 (63.1) 46 (61.3) 67 (64.4)
Moderately differentiated; Grade I 28 (15.6) 11 (14.7) 17 (16.3)
Poorly differentiated; Grade llI 5(2.8) 3(4.0) 2(1.9
Undifferentiated; anaplastic; Grade IV or 33 (18.4) 15 (20.0) 18 (17.3)
unknown

Stage, No. (%) 0.466
IA 172 (96.1) 73 (97.3) 99 (95.2)
B 7 (3.9 2(2.7) 5(4.8)

Radiation 0.163
Yes 5(2.8) 4 (5.3) 1(1.0)
No/unknown 174 (97.2) 71(94.7) 103 (99.0)

Chemotherapy 1.000
Yes 6 (3.4) 2(2.7) 4 (3.8)
No/unknown 173 (96.6) 73 (97.3) 100 (96.2)

analyzed the effect of adjuvant chemotherapy in stage I provided little benefits to early stage of NSCLC (13-16).

MAD patients and survival outcomes of different surgical Principally, patients in stage IA were not recommended
approaches. to receive adjuvant chemotherapy, while its effect and
Previous studies showed adjuvant chemotherapy necessity in stage IB was unclear (16). Based on the
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Figure 2 The overall survival and cancer-specific survival of primary cohort and the patients with tumor size <1 c¢m; (A) The overall survival

of primary cohort; (C) the overall survival of patients with tumor size <1 cm; (B) the cancer-specific survival of primary cohort; (D) the

cancer-specific survival of patients with tumor size <1 cm.

molecular features of high KRAS mutation rate, MAD was
considered as one of the malignancies of poor prognosis
with lower OS and higher rate of tumor recurrence (17,18).
In this study, it showed that adjuvant chemotherapy even
provided worse prognostic outcomes. The heterogeneity of
clinical features in two groups may account for the results.
The mean tumor sizes in AC group was significantly larger
than S group, which had been proved to be a negative
prognostic factor. Besides, AC group included more
patients in worse differentiated grades and IB stage. These
characteristic differences mostly accounted for the worse
prognosis. It indicated that most of the clinical doctors
would not prescribe adjuvant chemotherapy for the stage I
MAD patients. Nevertheless, they might tend to administer
adjuvant chemotherapies to these patients with potentially
worse outcomes. In order to exclude the effects from the
characteristics, the PSM analysis was also performed. It also
showed similar results as the primary cohort.

© Translational Cancer Research. All rights reserved.

In terms of MAD patients with tumor size <1 cm, the
result indicated that lobectomy group had similar survival
outcomes to sublobar resection group. Although Dai
et al. had reported lobectomy would have ideal prognosis
than sublobar resection in a large scale of early stage of
NSCLC (19), MAD patients were the exceptions. On the
other hand, some patients with poor cardiopulmonary
condition or other comorbidities were tend to receive
compromised sublobar resection, which could spare
as much lung tissue as possible (20-23). Therefore, no
significant difference would be observed in OS. In order to
investigate the prognosis associated with cancer despite other
conditions, we therefore studied the cancer-specific survival.
It showed no difference between two surgical methods. It
might attribute to the ideal prognosis of early stage MAD.
The median survival of both subgroups exceeded 120 months,
which were consistent with the previous studies.

Limitations have to be admitted in this study. Firstly,
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MAD is a rare pathological subtype of NSCLC. The
final cohort contains 1,816 MAD patients which is a
relatively small sample size. Among them, only 121
patients are included in AC group. Given the fact that
it is a retrospective study, clinical characteristics of each
groups are difficult to unify. It might bring bias to the
final results. Secondly, PSM was used in the study to
minimize the different characteristics. However, some
cases would be deleted in the process and make the final
result over-optimized. Last, although SEER database
contains tremendous amount of data, the integrity could
be improved. Some data of surgical procedure and tumor
features is not available in cases during the selection process,
which we therefore have to discard. Moreover, neither
comorbidity data nor tumor recurrence was recorded in the
database. As a result, progression-free survival could not be
calculated in this study.

In summary, adjuvant chemotherapy is not helpful in the
stage I MAD patients in our study. No significant difference
is observed in the comparison of prognosis between
lobectomy and sublobar resection in tumor size <1 cm
MAD patients. A larger cohort with more complete data is
warranted to further investigate the necessity of adjuvant
chemotherapy in early stage MAD and the preferable
surgical approach.
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Supplementary

Table S1 Mucinous adenocarcinoma of the lung patients survival analysis

Overall survival

Cancer cause survival

Mean (months) 95% CI P value Mean (months) 95% Cl P value
Surgery and adjuvant 71.2 62.4-79.9 <0.001 74.9 65.1-84.6 <0.001
therapy (n=121)
Surgery alone 93.4 91.2-95.5 1011 99.0-103.3
(n=1,695)
Lobectomy (n=104) 97.3 88.9-105.8 0.650 103.7 95.3-112.0 0.809
Resection less than one 93.1 82.2-104.0 101.3 90.9-111.7
lobe (n=75)
Table S2 Demographic and clinic pathologic variables in the mucinous adenocarcinoma patients after propensity score matching
Demographic or clinicopathologic characteristic Surgery an((:l:(jjr;/)ant therapy Surgery alone (n=301) P value
Age, years 0.937
Mean (SD) 64.8 (10.9) 64.9 (11.2)
Gender, No. (%) 0.944
Male 48 (42.9) 132 (43.9)
Female 64 ( 169 (56.1)
Race, No. (%) 0.590
White 99 (88.4) 254 (84.4)
Black (71 29 (9.6)
Other 5 (4.5) 18 (6.0)
Tumor size(mm) 0.216
Mean (SD) 25.6 (11.2) 24.2 (10.0)
Histology, No. (%) 0.743
Mucinous adenocarcinoma or Mucin-producing 87 (77.7) 229 (76.1)
adenocarcinoma
Signet ring cell carcinoma 3(2.7) 13 4.3)
Bronchiolo-alveolar carcinoma 22 (19.6) 59 (19.6)
Grade, No. (%) 0.589
Well differentiated; Grade | 39 (34.9) 116 (38.5)
Moderately differentiated; Grade Il 47 (42.0) 130 (43.2)
Poorly differentiated; Grade IlI 15 (13.4) 27 (9.0)
Undifferentiated; anaplastic; Grade IV or Unknown 11 (9.8) 28 (9.3)
Stage, No. (%) 0.575
1A 64 (57.1) 183 (60.8)
B 48 (42.9 118 (39.2)
Radiation, No. (%)
Yes 37 (12.3) 0 (0.0
No/unknown 264 (87.7) 301 (100.0)
Chemotherapy, No. (%)
Yes 90 (29.9) 0(0.0)
No/unknown 211 (70.1) 1,695 (100.0)
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Figure S1 The characteristics of data before and after propensity score matching (Jitter).
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Figure S2 The characteristics of data before and after propensity score matching (Hist).
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Figure S3 The overall survival of patients received surgery with or without adjuvant chemotherapy after propensity score matching.

Table S3 Mucinous adenocarcinoma of the lung patients overall survival after propensity score matching

Overall survival

Group
Median (months) 95% ClI P value

Surgery and adjuvant therapy (n=112) 69 59-144 0.002
Surgery alone (n=301) 116 100-166




