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Abstract: Multiple primary lung cancer (MPLC) is considered relatively rare. This report 
presents an unusual case of multiple pulmonary nodules in a 74-year-old man who presented 
with three independent synchronous tumors in the right upper lobe. The tumors were 
diagnosed as peripheral squamous cell carcinoma (SCC), adenocarcinoma, and pulmonary 
mixed squamous cell and glandular papilloma (mixed papilloma). Mixed papilloma is an 
extremely rare, benign pulmonary tumor with a typical papillary appearance, showing 
squamous and glandular epithelial differentiation. The histological and immunohistochemical 
features of each tumor were analyzed. In addition, molecular pathological examination for 
epidermal growth factor receptor (EGFR) showed no mutation in two primary cancers. 
Mixed papilloma showed no BRAF V600E mutation or HPV infection. The present case 
report provides a clinicopathological understanding of an instance in which three tumors of 
different pathological types are present in the same lung lobe. Furthermore, it provides 
a literature review regarding multiple lung nodules, focusing on the clinicopathological 
diagnosis, clinical treatment, and prognostic assessment of these nodules. This is the first 
case report of mixed papilloma arising in MPLC. 
Keywords: multiple primary lung cancer, mixed squamous cell and glandular papilloma, 
squamous, adenocarcinoma, multiple lung nodules

Introduction
MPLC refers to the discovery of two or more primary lung cancers simultaneously 
or successively in the same or bilateral lobes. It is categorized as either synchronous 
multiple primary lung cancer (sMPLC) or metachronous multiple primary lung 
cancer (mMPLC), based on the time interval. The incidence rate of MPLC ranges 
from 0.2 to 20%,1 with no significant difference in morbidity based on sex, and 
most patients diagnosed were found to have two nodules.2–5 Moreover, with recent 
developments in imaging technology, the annual rate of multiple pulmonary 
nodules detection has increased but the diagnosis and management are still 
confusing.6

Solitary endobronchial papilloma account for 0.38% of all lung tumors.7 

A solitary endobronchial papilloma is divided into three subtypes based on mor-
phological features: squamous cell papilloma, glandular papilloma, and mixed 
papilloma. Mixed papilloma is the least common subtype and consists of 
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bidirectionally differentiated squamous and glandular 
epithelial cells. According to previous research, mixed 
papilloma tumors are usually central and endobronchial 
or, in rare cases, peripheral. Patients usually lack clinical 
symptoms and are diagnosed on physical examination. 
Complete surgical resection is the preferred treatment, 
which results in a good prognosis in most cases.8

In recent years, owing to the increase in detection rates, 
MPLC has attracted increasing attention. This case pro-
vides insight into the clinical diagnosis and treatment of 
MPLC for pathologists and clinicians.

Materials and Methods
The resected pulmonary samples were paraffin- 
embedded, after which the blocks were cut into 4-μm 
sections and stained with hematoxylin and eosin. 
Immunohistochemical examination was performed 
using the SP kit. The antibodies included CK5/6, p63, 
TTF-1, P16, and Ki-67. Special staining techniques 
included Periodic Acid-Schiff (PAS) and Alcian blue– 
Periodic Acid-Schiff (AB-PAS) stains. Amplification 
Refractory Mutation System Polymerase chain reaction 
(ARMS-PCR) was used to detect the expression of 
BRAF V600E and EGFR (including exons 18, 19, 20, 
and 21) gene mutations. Flow-through hybridization was 
done to determine the genotypic variants of the human 
papilloma virus (HPV).

Clinical Summary
In August 2019, on physical examination, a 74-year-old 
man was found to have two partial solid nodules and 

a ground-glass opacity (GGO) in the upper lobe of his 
right lung. He had no respiratory symptoms, though he had 
smoked 20 cigarettes per day for 30 years. The diameter of 
the maximum nodule was 0.9 cm, and a follow-up was 
recommended. In July 2020, computed tomography (CT) 
showed nodules grown. The nodule (labeled tumor A) at 
the apex of the right upper lobe had accreted from 0.5 cm 
to 1 cm in diameter and its density increased. CT dis-
played tumor A with spiculated margins, closed to the 
pleura and bronchioles near the tumor were tugged and 
dilated. The second tumor (labeled tumor B), a pure GGO 
with a maximum diameter about 0.7 cm, did not change 
significantly from 11 months ago. The third tumor (labeled 
tumor C) was in the anterior segment of the lung and had 
an irregular shape but well defined. Its diameter accreted 
from 0.9 cm to 1.2 cm, accompanied by an increase in 
density (Figure 1).

Owing to the patient’s poor lung function and his 
refusal to consent to a lobectomy, a video-assisted thor-
acic surgery segmentectomy was performed to resect 
lesions on July 6, 2020. Additionally, the mediastinal 
lymph nodes, including groups 2, 4, 7, 10 and 11, were 
resected for disease staging. Intraoperatively, the three 
nodules were found to be isolated from each other, and 
all three were completely resected, with at least 2 cm 
between the lesions and the cutting edge. No metastatic 
lymph nodes were observed. The patient did not receive 
chemoradiotherapy after the surgery, and at the 16- 
month follow-up, no recurrence or metastasis was 
found.

Figure 1 In August 2019, three nodules were found during physical examination. (A–C) shown tumor A, tumor B and tumor C, respectively; In July 2020, increased nodular 
diameter and density were observed at follow-up. (D–F) shown tumor A, tumor B and tumor C, respectively. The red arrows show pulmonary nodules.
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Results: Tumor A: Macroscopy, 
Histopathology, Immunohistochemistry
The lesion was white, slightly stiffer in texture and the 
boundary between the tumor and the surrounding lung 
tissue was unclear. A frozen section was prepared intrao-
peratively and examination of the frozen section indicated 
SCC. Postoperatively, the tumor specimen was embedded 
in a paraffin block and examined.

Under the microscope, a maximum diameter of 
approximately 0.8 cm was observed. Histological 
examination of tumor A revealed a moderately differ-
entiated SCC with cytoplasmic keratosis and no keratin 
pearl. Carcinomas formed irregular nests and strands of 
tumor cells separated by varying amounts of fibrous 
stroma. The mitotic figures and necrosis were common. 
Small pulmonary alveoli were observed around the 
tumor cells, indicating that the tumor was located at 
the periphery of the lung. Some round or irregular 
gland-like or tubular structures, regarded as alveolar 
architectures, were observed in the cancer cell nests. 
Immunostaining analysis indicated that the cancer cells 
were positive for the expression of p63 and CK5/6 but 
negative for the expression of TTF-1, whereas the 
alveolar architecture among the cancer cells was 

positive for the expression of TTF-1 (Figure 2). The 
Ki-67 proliferation index was 50%. Based on these 
observations, a diagnosis of stage IA1 peripheral SCC 
with (T1aN0M0) was confirmed.

Tumor B: Macroscopy, Histopathology, 
Immunohistochemistry
Tumor B was grayish white in color, with medium texture 
and well defined. It was 2 cm from tumor A, when 
observed intraoperatively. An intraoperative pathological 
examination of the frozen section indicated squamous cell 
papilloma with mild dysplasia.

Under the microscope, tumor B was composed of branch-
ing papillary structures with an axis of fibroblasts in 
a mucinous background. The papilla had various forms, 
with broad and slender branches visible, and was composed 
of both squamous and glandular cells (Figure 3). The tumor 
cells were neatly arranged with an obvious polar direction and 
no atypia. The squamous epithelium was lined with squamous 
cells that were positive for the expressions of CK5/6 and P63. 
The glandular epithelium was lined with pseudostratified 
ciliated and non-ciliated columnar cells with scattered mucin- 
filled cells, which were negative for the expressions of both 
p63 and CK 5/6. Both components were focally positive for 

Figure 2 Cancer cells of tumor A were arranged in irregular nests (A). Alveolar architectures were preserved in cancer tissues (B). Immunohistochemical staining of tumor 
cells were positive for p63 (C) but negative for TTF-1 (D).
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P16 and negative for TTF-1. The Ki-67 proliferation index 
was 3%, and AB-PAS staining showed various dark and light 
blue mucus components in- and outside the cells. PAS stain-
ing showed positive expression of glandular components. 
Based on these observations, a diagnosis of mixed squamous 
cell and glandular papilloma was confirmed.

Tumor C: Macroscopy, Histopathology, 
Immunohistochemistry
Tumor C was whitish gray in color, with ill-defined bor-
ders. The intraoperative examination of the frozen section 

revealed an adenocarcinoma. Microscopically, the maxi-
mum diameter of the tumor was 1.2 cm, and the maximum 
diameter of the invasive portion was approximately 
0.7 cm. The cancer cells were well differentiated. The 
central part of the nodule, which comprised 60% of the 
tumor, was an invasive acinar cell carcinoma (Figure 4), 
and the surrounding lepidic structure accounted for the 
remaining 40%. On immunohistochemical analysis, the 
tumor cells were found to be positive for the expression 
of TTF-1 and negative for the expression of CK5/6. 
Scattered P63-positive cells were detected in 

Figure 3 (A) Tumor B consisted of branching papillary structures with an axis of fibroblasts, showing a mixture of squamous and glandular cells; (B) Pseudostratified ciliated 
columnar tumor cells; (C) Immunostaining showing that some tumor cells are positive for the expression of p63; (D) Both components were focally positive for P16.

Figure 4 (A) Tumor C was well differentiated. The central part of the nodule, which comprised 60% of the tumor, was an invasive acinar cell carcinoma; (B) Immunostaining 
showing that tumor cells are positive for the expression of TTF-1.
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immunostaining, and the Ki-67 proliferation index was 
10%. Based on these observations, a diagnosis of stage 
IA2 invasive adenocarcinoma with (T1bN0M0) was 
confirmed.

Molecular Pathological Examination
Molecular pathological examination for EGFR showed no 
mutation in SCC and adenocarcinoma. Mixed papilloma 
had no BRAF V600E mutation or HPV infection 
(Figure 5).

Discussion
With the increasing incidence of lung cancer, the detection 
rate of MPLCs has gradually increased in recent years.9 

More than half of all MPLC patients have two nodules. 
Adenocarcinoma accounts for the largest portion, among 
which acinar, lepidic, and papillary adenocarcinomas are 
the three most frequent architectural patterns.10,11 In 1975, 
Martini and Melamed proposed the first clinicopathologi-
cal diagnostic criteria for MPLC.3 This standard has been 
widely accepted by clinicians and pathologists, and has 
been an important diagnostic reference for many years. 
However, the limitations of this standard became obvious 
as only the major histological tumor types (adenocarci-
noma and SCC) common then were taken into considera-
tion, whereas it is now known that adenocarcinomas have 
significant morphological heterogeneity and that adenos-
quamous carcinomas also exist. The American College of 
Chest Physicians (ACCP) revised the diagnostic standard 
in 2003, 2007, and 2013, and combined the comprehensive 
histologic criteria from Martini and Melamed with the 
evaluation of morphology, immunohistochemistry, and 
molecular features.12 Some researchers suggested that 
a comprehensive histologic assessment, including the eva-
luation of the percentages of histologic subtypes, 

histologic features, stromal characteristics, lymphoid 
hyperplasia, and/or necrosis, supersedes the clinical cri-
teria described by Martini and Melamed in differentiating 
multiple primary tumors from metastases.13 While MPLC 
and intrapulmonary metastases have somewhat different 
clinical presentations, reliably differentiating pathologi-
cally between two nodules with the same histological 
type remains an important challenge for clinicians and 
pathologists.

The pathological TNM stage of multiple pulmonary 
nodules is also challenging due to the difficulty in diag-
nosing MPLC correctly. The 8th edition of the American 
Joint Committee on Cancer (AJCC) staging manual 
divides patients with multiple pulmonary nodules into 
four categories: MPLC, intrapulmonary metastases, multi-
focal ground-glass/lepidic adenocarcinoma, and pneumo-
nic-type adenocarcinoma.14 MPLC comprising two or 
more distinct and histologically different masses are con-
sidered unrelated, and TNM staging alone has been recom-
mended for each tumor. Considering the histological 
heterogeneity of adenocarcinomas, it is necessary to use 
comprehensive histologic subtyping to characterize the 
histologic features.

For most physicians, surgery is the preferred treatment 
for MPLC as the five-year survival rate after the complete 
resection of MPLC is approximate to that of single lung 
cancers.10,15 The scope of surgery includes lobectomy and 
sub-lobar resection (including segmentectomy and wedge 
resection). Some surgeons prefer lobectomy considering 
lower postoperative local recurrence rate.16–18 Some pre-
vious studies have indicated that there was no significant 
difference in prognosis between lobectomy and 
segmentectomy.19,20 Segmentectomy was considered to be 
the first choice in patients with clinical stage IA non-small 
cell lung cancer (NSCLC), especially in older patients who 

Figure 5 Molecular pathological examination for EGFR showed no mutation in squamous cell carcinoma (A) and adenocarcinoma (B). Mixed papilloma had no BRAF V600E 
mutation (C).
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have underlying comorbidities such as cerebrovascular 
accident.2,21 The present case study was of an older patient 
with emphysema and multiple chronic underlying diseases. 
A total of three nodules were in different areas of the upper 
lobe of the right lung. During preoperative communication, 
the patient and his family members rejected the right lung 
lobectomy procedure and opted for a segmentectomy, to 
retain more normal lung tissue. To completely remove the 
tumor and protect respiratory function, thoracoscopic partial 
resection of the upper lobe of the right lung was performed, 
with a safe margin of more than 2 cm.

EGFR is a transmembrane cell surface receptor impli-
cated in signal transduction pathways that regulate cell 
proliferation and apoptosis. Approximately 50% of 
Asians have EGFR-driven NSCLC22 and EGFR mutation 
is important for the selection of targeted therapy and the 
development of resistance. In this case, molecular patho-
logical examination for EGFR showed no mutation in SCC 
and adenocarcinoma.

Mixed papilloma is rare and only sporadic cases have 
been documented. Mixed papilloma is predominantly 
lesion of male smokers, and the median age is sixth 
decade.23 It occurs most commonly in the central tra-
cheobronchial tree.24 In contrast to squamous cell papil-
loma which has a strong association with HPV, all the 
reported cases of mixed papilloma are HPV- 
negative.23,25 In this case, we cut 5-micron rolls from 
paraffin-embedded block and extracted DNA for PCR 
amplification. And then flow-through hybridization was 
done to determine the HPV DNA. Although there was 
usually some loss of DNA during the process of making 
wax blocks in lung specimens, remaining HPV DNA 
could be detected as this technique had the characteris-
tics of high sensitivity and specificity. Consistent with 
previous reports, our test showed mixed papilloma with-
out HPV infection. Mixed papilloma had frequent BRAF 
V600E mutations.25,26 Differently, we found no BRAF 
mutation in this case. Data23,24 demonstrated malignant 
transform could occur in some mixed papilloma. In our 
case, no cellular atypia was found in the mixed papil-
loma and the three well differentiated nodules were iso-
lated from each other, occurred at similar time. 
Therefore, SCC and adenocarcinoma in our case were 
primary rather than development of cancer in mixed 
papilloma. It is also worth to note that in peripheral 
lung cancer, alveoli are occasionally seen spotted in 
cancerous tissue, which can be misdiagnosed as adeno-
carcinoma or carcinoma with glandular differentiation.27 

In this case, immunohistochemistry was instrumental in 
differentiating normal alveoli from adenocarcinoma.

In conclusion, the diagnosis and treatment of MPLC 
remain major problems that should be addressed by col-
lecting relevant data and making a comprehensive deci-
sion. With the increase in confirmed cases, the 
accumulation of more clinicopathological data would be 
helpful to reach a consensus on the ideal clinical diagnosis 
and treatment protocols.
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