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Background: Lung cancer, the most common malignancy in humans, can be classified into a wide range of subtypes and molecular
variants. Fetal adenocarcinoma of the lung (FLAC) is an infrequent subtype of lung adenocarcinoma with distinct histological
characteristics. However, its incidence is extremely low (0.1-0.5% of primary lung cancers), and its biological features remain poorly
understood. In the era of immunotherapy and targeted therapy, characterizing the genetic alterations of FLAC is essential for
developing personalized treatment strategies and improving patient outcomes. Here, we report the genetic alterations and PD-L1
expression in a patient with high-grade FLAC (H-FLAC) and review the relevant literature, This is one of the few reported cases
describing PD-L1 expression and TP53 mutation status in H-FLAC.

Case Manifestations: A 57-year-old man with a 30-year history of smoking presented to our hospital with persistent cough, sputum,
and chest tightness for 30 years, which had worsened for 1 month. Computed tomography (CT) of the chest revealed an irregular
nodule in the posterior segment of the upper lobe of the left lung. The patient underwent posterior resection of the left upper lung apex,
and postoperative pathology suggested H-FLAC with a tumor stage of pT;NoM,.

Conclusion: This case study provides an opportunity to better understand H-FLAC, whose genetic alterations have not been well
characterized, and to identify valuable molecular markers for potential targeted therapies. We conducted gene sequencing and PD-L1
expression testing, which are helpful for H-FLAC research.
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Introduction

Lung cancers are highly heterogeneous and are usually categorized as small-cell lung cancer (SCLC) and non-small cell lung
cancer (NSCLC). NSCLC accounts for approximately 85% of all lung cancer cases, making it the predominant subtype
worldwide.! The global incidence remains high and the disease remains the leading cause of cancer-related mortality.>
Established risk factors for NSCLC include tobacco smoking (the single most important factor), second-hand smoke exposure,
occupational exposures (such as asbestos, arsenic, chromium), radon, air pollution, and familial/genetic susceptibility.

Treatment of NSCLC is guided by disease stage and patient fitness. Early-stage disease is managed primarily with
surgical resection, while radiotherapy, systemic chemotherapy, immunotherapy and targeted therapies play key roles in
locally advanced or metastatic settings.' The identification of actionable molecular alterations and immune checkpoint
biomarkers has significantly improved survival outcomes for specific patient subgroups.

Within this context, the subtype of high-grade fetal adenocarcinoma of the lung presents an unique molecular
characteristics. Fetal adenocarcinoma of the lung (FLAC), classified as a unique subtype of adenocarcinoma, accounts
for only 0.1-0.5% of lung malignancies.*> FLAC was initially reported and identified in 1982 because it resembles the
airway epithelium of the fetal lung at 10~16 weeks.®’ In 2011, the International Multidisciplinary Classification of Lung
Adenocarcinoma (IASLC/ATS/ERS) classified FLAC as an independent variant of invasive lung adenocarcinoma. In

International Medical Case Reports Journal 2025:18 1519-1526 1519
Received: 19 July 2025 © 2025 Xu et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php
AT 2nd incorporate the Creative Commons Attribution — Non Commercial (unported, v4.0) License (http://creativecommons.org/licenses/by-nc/4.0/). By accessing the work

Accepted: 13 November 2025
Published: 3 December 2025

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://orcid.org/0000-0002-5591-1632
http://orcid.org/0009-0009-7510-9696
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/4.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com

Xu et al

2015, it was further classified as a distinct entity of lung adenocarcinoma according to the World Health Organization
classification of lung cancer, 4th edition.®’

FLAC:s are histologically classified as low-grade (L-FLAC) or high-grade (H-FLAC) subtypes based on the differentiation
and atypia of cancer cells. It should be noted that these terms refer to histological grades rather than tumor differentiation
status. L-FLAC generally shows a favorable prognosis, with a 5-year survival rate exceeding 80%. In contrast, H-FLAC is
often diagnosed at an advanced stage and usually requires postoperative adjuvant chemotherapy. L-FLAC usually occurs in
nonsmoking women, whereas H-FLAC is more common in elderly men with a history of heavy smoking. Microscopically,
L-FLAC shows low mitotic activity and slow growth, whereas H-FLAC displays marked nuclear atypia, frequent mitoses, and
extensive necrosis. About 80—100% of H-FLAC cases occur in combination with conventional lung adenocarcinoma (CLA),
large cell neuroendocrine carcinoma (LCNEC), or intestinal adenocarcinoma.'®'?

With the rapid development of immunotherapy in recent years, identifying reliable immunotherapeutic biomarkers for
individual malignancies is necessary and challenging. Tumor program death ligand-1 (PD-L1) assessment is widely used
to predict the therapeutic responsiveness of immune checkpoint inhibitors (ICI). However, the molecular characteristics
and immune microenvironment of H-FLAC remain poorly understood. In particular, data on PD-L1 expression and
genetic alterations such as TP53 mutation are limited, yet they may have important therapeutic implications. Here, we
report a case of a patient with early stage H-FLAC who underwent radical resection of the malignancy. Next-generation
sequencing (NGS) and PD-L1 immunostaining assays were performed to determine the PD-L1 status and further explore
other potential valuable biomarkers of H-FLAC.

Case Presentation

In November 2023, a 57-year-old man with a 30-year history of smoking (approximately 40 cigarettes/day) and never
quit, was admitted to the hospital with recurrent cough, sputum, and chest tightness for 30 years, due to moderate chronic
obstructive pulmonary disease (COPD), likely with long-standing chronic bronchitis. Worsening of cough persisted for
one month, probably related to upper respiratory infection. The patient had no history for hypertension, diabetes mellitus,
as well as no family history of malignancy. There was no history of regular home medications prior to admission.
Contrast-enhanced CT of the thorax and abdomen revealed an irregular nodular focus in the posterior apical segment of
the left upper lobe of the lung, with unclear borders, an area of approximately 16 mm x 11 mm (Figure 1), and clinical
stage TINM. The patient underwent single-port thoracoscopic posterior apical segmentectomy of the left upper lung,
mediastinal lymph node dissection, and pleural adhesion branding procedures. The postoperative pathological report
demonstrated the neoplasm as H-FLAC, without regional lymph node involvement (0/15); TNM stage was pTINOMO.
Microscopically, Hematoxylin & eosin staining revealed a complex glandular structure or solid sheet growth pattern of
tumor cells (Figure 2A). Cytologically, weak eosinophilic to clear cytoplasm with sub-nuclear vacuoles was also
observed. It also presented severe nuclear atypia, a high nuclear-to-cytoplasmic ratio, abundant mitotic activity (25
cells per mm?2), and dramatic necrosis. The nucleoli of tumor cells were inconspicuous. Morulae formation was not
observed. Immunohistochemical staining revealed TTF-1(-), Napsin-A(-), Syn(-), CgA(-), CD56(-), ALK (-), AFP (-),
glypican-3 (+, focal), B-catenin (+, on membrane), Ki-67(+, 60%) (Figure 2B and C). Other positive markers included the

Figure | Contrast-enhanced computed tomography chest scan revealed an irregular lesion at (A) plain scan (indicated by red arrow), (B) arterial phase, and (C) venous phase.
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Figure 2 (A) Hematoxylin & eosin staining revealed fetal adenocarcinoma of the lung (% 100); Immunohistochemical staining revealed (B) positive glypican-3 (%200); (C)
positive membrane staining of -catenin (x200); (D) negative programmed death ligand-1 (x100).

EGFR and CDX2. Only few tumor cells expressed PD-L1 (tumor proportion score, TPS<1%), while it was moderately
expressed in parts of the tumor-infiltrating immune cells, with a combined positive score (CPS) of 15 (Figure 2D).
Detailed results were summarized in Table 1. Additionally, Next-generation sequencing (NGS, ZhongYou Diagnostics,
Shanghai, China) was performed using a targeted 59-gene panel covering clinically relevant oncogenic mutations

Table | Summary of Immunohistochemical Findings

Marker Result Localization/Comment
TTF-1 Negative —

Napsin-A Negative —

Synaptophysin (Syn) Negative —

Chromogranin A (CgA) | Negative —

CD56 Negative —

ALK Negative —

AFP Negative —_

Glypican-3 Positive (focal) Cytoplasmic staining
fB-catenin Positive Membranous staining
Ki-67 Positive (~60%) Nuclear staining

EGFR Positive Membranous staining
CDX2 Positive Nuclear staining

PD-LI Tumor cells: <I%; Immune cells: CPS=15 | Heterogeneous expression

Abbreviation: CPS, combined positive score.
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associated with lung cancer and drug response, including EGFR, KRAS, TP53, ALK, ROS1, RET, MET, BRAF, ERBB2,
and others. The detailed gene-list and results are presented in Table 2. Only a 7P53 missense mutation in exon 8
(c.808T>C, p. F270L) was identified, with a variant allele frequency (VAF) of 21.49%.

Discussion

FLAC is a rare histological variant of lung adenocarcinoma. The classification of FLAC as H-FLAC or L-FLAC was
proposed in 1998 and was officially determined by IASLC in 2011. In 2023, Mogavero et al discussed the molecular
pathology and clinical management of special lung adenocarcinoma subtypes (colloid, fetal, enteric and NOS)."
Compared with L-FLAC, H-FLAC occurs more often in older patients with a history of heavy smoking. It is
characterized by aggressive progression and poor prognosis. Here, we report a patient with H-FLAC who underwent
radical resection of the malignancy, and further describe the genetic profile of the tumor, together with PD-L1 expression.

H-FLAC accounts for approximately 0.1-0.5% of primary lung cancers. The main clinical symptoms are non-specific
cough, hemoptysis, and sputum.'® Patients with H-FLAC are usually in the end stages of the disease once they are
diagnosed.'*"> The definitive diagnosis of H-FLAC is based on pathological examination. Histologically, FLAC is char-
acterized by an irregular and complex glandular structure resembling the epithelium of the fetal lung.'® Compared with
L-FLAC, H-FLAC exhibits more advanced histological features, including pronounced nuclear atypia and abundant mitotic
activity. In addition, H-FLAC may be mixed with components of other types of adenocarcinomas, such as enteric, hepatic, or
conventional lung adenocarcinoma, and occasionally, with neuroendocrine cancer.'®!" However, none of these components
were observed in the present study. Immunochemically, membrane staining of beta-catenin is a feature of H-FLAC, in contrast
to the nuclear or cytoplasmic staining pattern of L-FLAC.® Other positive IHC markers in this case included glypican-3,
CDX2, and EGFR. Similar results have been reported in other H-FLAC cases.!”'? In addition, neuroendocrine markers (CgA,
CD56, and Syn) were negative in this case. Alpha-fetoprotein (AFP) expression has been identified in H- FLAC according to
other previous reports; however, in our case, the [HC analysis of AFP presented a negative result.”-!%!7

The optimal adjuvant approach for high-grade fetal lung adenocarcinoma (H-FLAC) remains undefined due to its
rarity. However, a few case reports and reviews have described the use of adjuvant platinum-based chemotherapy
following surgical resection. Xiao-Feng et al reported an H-FLAC patient who underwent adjuvant chemotherapy with
pemetrexed and cisplatin, achieving disease-free survival after four cycles.”” Similarly, Ricaurte et al reviewed previously
published cases and suggested that adjuvant chemotherapy and radiotherapy may be considered in selected patients,
especially those with advanced stages or incomplete resection.'” Postoperative chemotherapy may be a reasonable option
for resected H-FLAC, but larger multi-institutional studies are needed to define optimal therapy. In conclusion, Radical
excision of the tumor remains the best choice so far, for patients who are not in the advanced stage. Additional adjuvant
chemotherapy and radiotherapy are needed post operation for better survival.

For patients in the advanced stages of the disease, platinum-based chemotherapy and radiotherapy may be their only
options.'"'> In the era of personalized therapy, detailed genetic analysis may be helpful in determining more precise
therapeutic strategies for individual patients. However, further research is necessary to identify the essential biological
processes involved in tumor progression and the key molecular markers with potential therapeutic value. Unlike lung
adenocarcinoma, which is usually driven by specific oncogenes such as EGFR, the tumorigenesis of H-FLAC may be more
complex, and no important oncogenes have been identified yet. The most frequent genetic mutations occur in TP53 (44%),
KRAS (11-25%), and KMT2C (38.8%); therefore, WEE1 and KRAS G12C inhibitors are potential therapeutic options.'"*'**

KRAS GI2C inhibitors have emerged as promising targeted agents for non-small cell lung cancer (NSCLC)
harboring KRAS G12C mutations. The first-in-class inhibitor sotorasib (AMG 510) was evaluated in the CodeBreaK
100 clinical trial, which demonstrated an objective response rate (ORR) of 37% and a median progression-free survival
(PFS) of 6.8 months in previously treated KRAS G12C-mutant NSCLC patients.”> Another inhibitor, adagrasib
(MRTX849), showed comparable efficacy in the KRYSTAL-1 trial, achieving an ORR of 43% and median PFS of 6.5
months.”* Although no data is available specifically for fetal-type adenocarcinoma, H-FLAC harboring KRAS G12C
mutation may still be benefit from KRAS G12C inhibitor. Further investigation into H-FLAC is warranted.

TP53 mutations have been reported in fetal-type lung adenocarcinomas® and in lung adenocarcinomas with isolated
TP53 alterations and fetal-like morphology,”® suggesting that TP53 may contribute to the aggressive behavior and
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Table 2 Summary of Gene Panel and Detected Mutation Results

Category

Genes

Detected Result

Clinical Relevance

Targeted therapy genes

Chemotherapy-related

genes

MMR-related genes
NGS panel summary

AKTI, ALK, APC, BRCAI, BRCA2, BRAF, CTNNBI, EGFR, ERBB2,
EPCAM, FGFRI, FGFR2, FGFR3, JAK2, KRAS, MET, MLHI, MSH2,
MSHé, MAP2K1, MDM2, NFI, NRAS, NTRKI, NTRK2, NTRK3,
PIK3CA, PTEN, PMS2, RET, ROSI, STKII, TERT, TP53

ABCBI, C8orf34, CBR3, CDA, CYPI9AI, CYP2C19, CYP2CS,
CYP2Dé6, DPYD, DYNC2HI, EPHXI, ERCCI, ERCC2, GSTPI,
MTHFR, MTRR, RRMI, SLCOI1BI, SOD2, TPMT, TYMS, UGTIAI,
UGTIA9, XPC, XRCCI

MLHI, MSH2, MSHé, PMS2, EPCAM

TP53 exon 8 (c.808T > C,
p.F270L) VAF=21.49%

No pathogenic or
clinically significant
variants detected

No mutations detected
59 genes (34 targeted +
25 chemotherapy genes,
42 loci)

TP53 mutation is associated with tumor progression. However, in
some patients harboring TP53 or KRAS mutations,

immunotherapy — especially PD-1/PD-LI inhibitors — may result in
better and more durable responses (PMID: 31200821; 32956987;
32342665).

Normal chemotherapy metabolism and toxicity-related pathways

No mismatch repair deficiency (PMMR)
NGS for solid tumor revealed TP53 mutation; no other abnormalities
detected

Abbreviations: VAF, variant allele frequency; NGS, next-generation sequencing; pMMR, proficient mismatch repair.
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potential immunogenicity of these tumors, although large-scale data on TP53 mutated H-FLAC are still lacking. In our
current study, we performed gene-sequencing analysis of 59 genes related to drug response and TP53 mutation was
identified, that may indicate potential sensitivity to DNA damage response—targeted agents, such as WEEI inhibitors,
which are currently under clinical investigation for TP53-mutated tumors. Nevertheless, using a targeted 59-gene panel
may not capture other rare or novel genomic alterations that could have therapeutic relevance. Therefore, comprehensive
genomic profiling (eg, whole-exome or RNA sequencing) may provide deeper insights into the molecular landscape of
H-FLAC and uncover actionable targets for precision therapy.

In addition, H-FLAC exhibits a heterogeneous immune microenvironment characterized by variable PD-L1 and TIL
expression patterns.' Recent studies have shown that PD-L1 expression on tumor-infiltrating immune cells, even when
absent on tumor cells, can still contribute to local immune modulation and may be associated with responsiveness to
immune checkpoint inhibitors in certain contexts.”” Our data also suggest similar results for PD-L1 expression in
H-FLAC (TPS<1, CPS=15), indicating that its responsiveness to immunotherapy with programmed death receptor/
ligand-1 inhibitors may be limited, but evaluation of detailed therapeutic effect should dependent on further well-
designed clinical trials. In rare lung cancer subtypes, other potential bio-markers, such as tumor mutational burden
(TMB) and microsatellite instability (MSI) could also inform immunotherapeutic responses,”® although the mismatch
repair-related genes were wild-type in our case. Consistent with previous reports, our targeted NGS analysis did not
detect common driver mutations such as EGFR, KRAS, ALK, or BRAF, suggesting that H-FLAC may follow a distinct
molecular pathway of tumorigenesis compared with conventional lung adenocarcinoma.

Conclusion

Recent genomic and immunologic studies have highlighted the heterogeneity and potential therapeutic vulnerability of rare
lung cancer subtypes.”*?° Here we reported a case of H-FLAC with a TP53 mutation and its PD-L1 expression was negative in
tumor cells but mild in some immune cells in the tumor microenvironment. Our findings suggest that H-FLAC may have
limited intrinsic immune evasion capacity. The weak PD-L1 expression on immune cells indicates a partially activated yet
insufficient antitumor response. Additional cases and more detailed gene-panels are needed to identify novel therapeutic
targets and to guide personalized treatment strategies, including immunotherapy in the era of precision oncology.

Abbreviations

AFP, Alpha-fetoprotein; CPS, Combined positive score; FLAC, Fetal adenocarcinoma of the lung; H-FLAC, High-grade
fetal adenocarcinoma of the lung; CT, Computed tomography; IALSC, The International Association for the Study of
Lung Cancer; L-FLAC, Low-grade fetal adenocarcinoma of the lung; NGS, Next-generation sequencing; PD-L1,
Programmed death ligand-1; TPS, Tumor proportion score.
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