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CASE REPORT

Radiological evidence of rapid growth
acceleration of a small part solid nodule found
to be large-cell carcinoma of the lung
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Abstract

Background With the widespread use of low-dose computed tomography for lung cancer screening, the detection
rate of pulmonary lesions manifesting as ground-glass opacities (GGOs) has been increasing dramatically. The volume
doubling time (VDT) has been introduced in clinical practice to monitor the potential growth rate of GGOs dur-

ing long-term follow-up periods.

Case presentation A 72-year-old never-smoker female diagnosed with mixed GGO manifested abruptly acceler-
ated growth with sudden decreased VDT from 400 to 36 days. A thoracoscopic left lower lobectomy with mediastinal
lymph node dissection was performed, and the diagnosis was stage IB large-cell neuroendocrine carcinoma (LCNEC).
Next-generation sequencing of the tumor highlights an EML4-ALK gene fusion.

Conclusions The LCNEC may present as GGO with longer VDT in the early stage. VDT should calculate by the whole
size either on the entire tumor diameter or on consolidation diameter. It is recommended that meticulous long-term

follow-up with dynamic VDT monitoring may help select high-risk GGOs performing timely semi-elective surgical

resection in clinical practice.
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Background

The ground-glass opacities (GGOs) are a highly hetero-
geneous disease. Generally, they are considered early-
stage primary lung cancer with indolent tumor behavior
and excellent prognosis. However, a small proportion
of GGOs may harbor aggressive growth patterns with
early intrapulmonary metastasis. Therefore, the volume
doubling time (VDT) has provided a monitor for the
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potential growth rate of GGOs during long-term follow-
up periods. In this case, an abruptly decreased VDT from
400 to merely 36 days might reflect the tumor’s greater
histological aggressiveness, which correlated well with its
neuroendocrine origin.

Case presentation

This patient is a 72-year-old never-smoker female in good
general condition with no chief complaints. She has no
significant past medical history of neoplastic disease or
any risk factor associated with lung disease, except for
bilateral carotid plaques. From a lung cancer screening
in December 2019, the initial chest CT scan incidentally
detected a mixed GGO at the left lower lung (Fig. 1A).
The total size of the nodule was 0.8 cmXx0.6 cm, while
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Fig. 1 AThe chest CT on 29th December, 2019 revealed a 0.8 cmx 0.6 cm mixed GGO lesion with a distinct boundary on her left lower lobe,
which comprised 3 mm subsolid components; B The second chest CT on 15th September, 2020 showed that there was no significant change
in the size of this nodule, but revealed a larger solid component within the mixed GGO lesion; C The third chest CT on 19th April, 2021 showed
a 3.1 cmx2.9 cm completely solid nodule with discriminated boundary and sign of lobulation

the maximum diameter of the solid component was
0.3 cm. A second chest CT scan was performed to con-
firm the nodule’s persistence in September 2020 (Fig. 1B).
Although the dimension of the nodule remained essen-
tially unchanged, the attenuation of the mixed GGO
increased remarkably during this 9-month follow-up
interval. No surgical intervention was performed at this
time since there was no direct evidence regarding can-
cer probability in such a small nodule with low clinical
risk. Due to the small size of the lesion, no experimen-
tal treatment with antibiotics was implemented for this
patient. However, a more intense follow-up schedule was
recommended.

In April 2021, a third chest CT scan conducted seven
months after the second showed that the mixed GGO
had already progressed to a 3.1 cmXx2.9 cm solid tumor
with an obvious lobulation sign (Fig. 1C). VDTs calcu-
lated by the Modified Schwartz Equation were 400 and
36 days respectively throughout the two follow-up peri-
ods. The Fluorodeoxyglucose positron emission tomog-
raphy (FDG-PET) scan exhibited a high maximum
standardized uptake value (SUVmax: 5.1) lesion at the
left lower lobe. This patient detected no distant metasta-
sis by PET/CT or contrast-enhanced brain magnetic res-
onance imaging (MRI). Serum tumor biomarker levels,
such as carcinoembryonic antigen (CEA: 6.19ng/ml) and
progastrin-releasing peptide (ProGRP: 81.8pg/ml), were
elevated in this case.

The patient underwent thoracoscopic left lower lobec-
tomy with mediastinal lymph node dissection and was
diagnosed with stage IB (pT2aNOMO, the 8th AJCC
edition) LCNEC. Surgical specimens were examined
both grossly (Fig. 2) and microscopically after Hema-
toxylin and Eosin (H&E, Fig. 3A and B) and immuno-
histochemistry staining (IHC, Fig. 3C, F). A 654-gene
broad-panel NGS spanning 1.60 megabases (Mb) of the
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Fig. 2 The left lower lobectomy specimen disclosed a firm,
yellow-tan mass 3.2 cmx 3.1 cm in size, and surgical margins
appeared to be negative and wide from the tumor

human genome was then performed (Berry Oncology,
Beijing, China). Five single nucleotide variations (SN'Vs:
TP53, RB1, MUCI6, LATS2, STAG2), three copy num-
ber amplifications (CNVs: CSF3R, MPL, TERT), and one
gene fusion (EML4-ALK) were identified in this sample.
The patient’s postoperative course was unremarkable.
She was discharged on postoperative day 8. Platinum-
based adjuvant chemotherapy was recommended for the
patient. The patient showed no signs of postoperative
complications or recurrence 16 months after surgery.

Discussion and conclusions

VDT is defined as the number of days in which a nod-
ule doubles its volume [1]. It plays an essential role in dif-
ferentiating benign and malignant pulmonary nodules,
thus determining the follow-up strategy and the timing of
surgical intervention. Generally, a shorter VDT indicates
rapid growth, aggressive tumor behavior, and poor can-
cer prognosis. According to the results derived from the
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Fig. 3 A 5x magnification. B, C, D, E, F 20x magnification. A, B The tumor cells present pleomorphic and large with abundant cytoplasm, large
and vesicular nucleoli with hematoxylin and eosin (HE) staining; C negative with CD5/6 staining; D positive with CgA staining; E positive with Syn

staining; F positive with TTF-1 staining

NELSON study, a VDT of less than 400days should be
considered the best cut-off value to distinguish between
indolent and malignant pulmonary nodules [2]. Moreo-
ver, for solid nodules, VDTs are well established, with a
large majority of times being in the 100-400-day range.
While for subsolid nodules, longer VDTs are expected
following their more indolent tumor behavior. Hasegawa

et al. reported that the mean VDTs for pure GGOs,
mixed GGOs, and solid nodules were 813, 457, and 149
days, respectively [3]. For this reason, longer initial fol-
low-up intervals and more extended total follow-up peri-
ods are recommended for subsolid nodules than for solid
ones [4].
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Although pulmonary lesions manifesting as GGOs
are typically early-stage lepidic-predominant adeno-
carcinoma with indolent tumor behavior and excellent
prognosis, few of them may harbor aggressive histo-
logical type and have a rapid tumor growth rate. As is
well known, the tumor growth rate is highly variable
and relates to the histological type. Mackintosh et al.
demonstrated that the median VDTs for lung adeno-
carcinoma, squamous cell carcinoma, and LCNEC were
261, 70, and 45days, respectively [5]. A shorter VDT
represents a poorly differentiated tumor. In this case,
an abruptly decreased VDT from 400 to merely 36 days
might reflect the tumor’s greater histological aggres-
siveness, which correlated well with its neuroendocrine
origin. Therefore, GGOs with long VDT do not guar-
antee an indolent tumor growth pattern. Meticulous
long-term follow-up with dynamic VDT monitoring
may help select high-risk GGOs requiring timely semi-
elective surgical resection in clinical practice. Initial
large size, suspicious morphology, a growing solid com-
ponent, the presence of bubble lucency, and a history
of cancer were generally accepted risk factors for the
growth and malignant transformation of GGOs [6]. For
these very suspicious GGOs, a short-term follow-up
CT scan at 3—6 months was recommended in the guide-
lines [7].

LCNECs are rare high-grade lung neuroendocrine
tumors with poor prognosis. Genetically, LCNECs pos-
sess a high mutation rate (8.5-10.5 mutations/Mb),
similar to small cell lung cancer (SCLC). Recently, Derks
et al. [8] dichotomized two major molecular subtypes of
LCNECSs: one with the inactivation of TP53 and RBI, a
hallmark of SCLC (SCLC-type); the other with the inac-
tivation of TP53 and STK11/KEAPI/RAS pathway genes,
which are frequently mutated in non-small cell lung
cancer (NSCLC-type). Preliminary data showed that
those as mentioned above two molecular subtypes might
have predictive value for chemotherapy response. Com-
pared with the traditional NSCLC chemotherapy regi-
men (gemcitabine/pemetrexed/paclitaxel combined with
platinum), SCLC-type tumor, like in this case, may have
a better outcome when treated with platinum-etoposide
[9]. Besides, our NGS data highlighted an EML4-ALK
gene fusion in this LCNEC. EML4-ALK is most often
detected in never smokers. It is associated with early
tumor metastasis due to its potently oncogenic effect
[10].

In summary, chest CT provides a vital opportunity for
timely detecting pulmonary lesions. Thus, an increasing
number of GGOs were identified, in which VDT plays
an essential role in the therapeutic method. It is recom-
mended that long-term follow-up with dynamic VDT
monitoring and perform timely semi-elective surgical
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resection in clinical practice. Furthermore, NGS may
assist clinicians in detecting gene mutation, further
understanding the character of the tumor, and guiding
targeted therapy.

Abbreviations

CEA Carcinoembryonic antigen

cT Computed tomography

FDG-PET  Fluorodeoxyglucose positron emission tomography
GGO Ground-glassopacity

H&E Hematoxylin and Eosin

IHC Immunohistochemistry staining
LCNEC Large-cell neuroendocrine carcinoma
Mb Megabases

MRI Magnetic resonance imaging

NGS Next-generation sequencing

ProGRP Progastrin-releasing peptide

SCLC Small cell lung cancer

SNV Single nucleotide variations

VDT Volume doubling time

Acknowledgements
Not applicable.

Author contributions

YWL, ZWS, JZ drafted the manuscript and performed the literature review. HL,
YL, FY, GCJ participated in diagnosis and treatment. XFC managed the patient.
All authors read and approved the final manuscript.

Funding
Foundation of Advanced Institute of Information Technology, Peking Univer-
sity, Zhejiang Province [2020-Z-17].

Availability of data and materials
All data are available in the manuscript within the manuscript.

Declarations

Consent for publication
Written informed consent was obtained from the patient for the publication
of the case report.

Competing interests
The authors declare that they have no competing interests.

Received: 13 December 2021 Accepted: 15 April 2023
Published online: 24 July 2023

References

1. Schwartz M. A biomathematical approach to clinical tumor growth.
Cancer. 1961;14:1272-94.

2. Xu DM, et al. Smooth or attached solid indeterminate nodules
detected at baseline CT screening in the NELSON study: cancer risk
during 1 year of follow-up. Radiology. 2009;250:264-72.

3. Hasegawa M, et al. Growth rate of small lung cancers detected on
mass CT screening. Br J Radiol. 2000;73:1252-9.

4. MacMahon H, et al. Guidelines for management of Incidental Pulmo-
nary Nodules detected on CT images: from the Fleischner Society
2017. Radiology. 2017;284:228-43.

5. Mackintosh JA, Marshall HM, Yang IA, Bowman RV, Fong KM. A
retrospective study of volume doubling time in surgically resected
non-small cell lung cancer. Respirology. 2014;19:755-62.



Lu et al. Journal of Cardiothoracic Surgery ~ (2023) 18:236 Page 5 of 5

6. KobayashiY, Sakao Y, Deshpande GA, et al. The association between
baseline clinical-radiological characteristics and growth of pulmonary
nodules with ground-glass opacity. Lung Cancer. 2014,83(1):61-6.

7. MacMahon H, Naidich DP, Goo JM, et al. Guidelines for management of
incidental pulmonary nodules detected on CT images: from the Fleisch-
ner Society 2017. Radiology. 2017;284(1):228-43.

8. Derks JL, et al. New Insights into the molecular characteristics of Pul-
monary Carcinoids and large cell neuroendocrine carcinomas, and the
impact on their clinical management. J Thorac Oncol. 2018;13:752-66.

9. Rekhtman N, et al. Next-generation sequencing of Pulmonary large cell
neuroendocrine carcinoma reveals small cell carcinoma-like and non-
small cell carcinoma-like subsets. Clin Cancer Res. 2016,22:3618-29.

10. SasakiT, Rodig SJ, Chirieac LR, Janne PA. The biology and treatment of
EML4-ALK non-small cell lung cancer. Eur J Cancer. 2010;46:1773-80.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC




	Radiological evidence of rapid growth acceleration of a small part solid nodule found to be large-cell carcinoma of the lung
	Abstract 
	Background 
	Case presentation 
	Conclusions 

	Background
	Case presentation
	Discussion and conclusions
	Acknowledgements
	References


