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Abstract: Spontaneous lung cancer regression is a very rare course of disease. A 60-year-old male
patient was admitted to our hospital with pneumonia and a 19 mm-sized nodule shadow in the S4 of
the left lung on chest computed tomography (CT). A percutaneous needle biopsy was performed,
and a diagnosis of programmed death-ligand 1-positive squamous cell lung carcinoma was made
based on pathological findings. The patient was followed up with imaging because the lesion has
reduced in size on chest CT. We report the possibility that cellular immune mechanisms triggered by
needle biopsy contributed to spontaneous regression.

Keywords: lung cancer; pneumonia; spontaneous regression; percutaneous needle biopsy;
programmed death-ligand 1

1. Introduction

Spontaneous regression (SR) of cancer is proposed as partial or complete lesion disap-
pearance after no treatment or treatment considered ineffective and lasting at least 1 month.
SR in malignant lymphoma, hepatocellular carcinoma, and lung cancer has been reported in
a relatively small number of cases. Spontaneous lung cancer regression is a very rare course
of disease, and patients with lung cancer are usually treated with surgery, chemotherapy
and radiation therapy, etc., depending on the histological types, progression and general
condition. An immune checkpoint inhibitor should be considered in patients with lung can-
cer with a high programmed death-ligand 1 (PD-L1) tumor proportion score (TPS) (>50%)
expression to be treated with chemotherapy. Here, we report a case of squamous cell lung
carcinoma diagnosed by percutaneous needle biopsy with high PD-L1 TPS expression
(>50%), which spontaneously regressed without treatment.

2. Case Report

A 60-year-old male patient with symptoms of cough, sputum, and shortness of breath
visited our hospital. The patient had a pacemaker implanted for complete atrioventricular
block, was on medication for chronic heart failure, and smoked 20 cigarettes per day for
42 years. He was diagnosed with malignant lymphoma and treated at other hospital
20 years ago, with no findings suggestive of recurrence. His vital signs revealed no fever
upon examination, but transcutaneous arterial oxygen saturation (SpO2) was 94% in room
air, which was slightly low. Chest auscultation revealed no obvious heart murmur but
coarse crackles on the left side. Blood tests showed a high white blood cell count of 8500 /µL
(83.0% of neutrophils). Tumor markers were mildly elevated at the carcinoembryonic
antigen (CEA) of 6.3 ng/mL, but other markers tested were within the standard values of
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cytokeratin 19 fragment (CYFRA) at 1.6 ng/mL and pro-gastrin releasing peptide (ProGRP)
at 71.8 pg/mL. Chest computed tomography (CT) showed infiltration shadow of the lower
lobe of the left lung and a nodule with irregular margins of 19 mm length in the S4 of the
left lung (Figure 1). No obvious metastasis to other organs or lymph nodes was observed.
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Figure 1. At the time of admission, chest CT showed infiltration shadow in the lower lobe of the left
lung and a nodule with irregular margins of 19 mm length in the S4 of the left lung.

The patient was admitted to the hospital with a pneumonia diagnosis, and antimi-
crobial therapy was started on ceftriaxone (CTRX) at 2 g/day. Steroid therapy was not
administered. The patient was discharged from the hospital after 14 days of antimicrobial
therapy for a decreased inflammatory response on blood analysis and disappearance of
infiltrative shadows on chest imaging although the causative bacterium could not be iden-
tified. After discharged from the hospital, there were no changes in his living environment,
including smoking, dietary changes, or new medications or supplements. Laboratory tests
and imaging studies on admission showed no findings suggestive of recurrent pneumonia.
The patient was readmitted to the hospital 2 weeks after discharge, and a percutaneous
needle biopsy was performed to confirm the diagnosis of an S4 nodule shadow in the left
lung. The S4 nodule shadow in the left lung was similar on chest CT at biopsy. The patient
was discharged from the hospital in good general condition after biopsy. Pathological
examination revealed tumor cell proliferation by hematoxylin and eosin staining, and addi-
tional immunostaining was positive for p40, p63, and cytokeratin (CK) 5/6 and negative
for thyroid transcription factor-1 (TTF-1) and Napsin A. Based on these results, the patient
was diagnosed with squamous cell lung carcinoma (cT1bN0M0 stage IA2 according to
TNM eighth edition). Further pathological findings revealed no infiltration of NK cells,
CD8-positive T cells and CD4-positive T cells while the degeneration of the tissue in the
immediate vicinity of the tumor lesion and proliferation of CD68-positive macrophages
(Figure 2). Additionally, tumors showed high PD-L1 TPS expression (>50%) (Figure 3).

The retrospective review of change on the chest CT showed that the lesion in S4 of
the left lung obviously reduced 35 days after biopsy. After careful follow-up without
therapeutic intervention, the tumor continued to shrink until 20 months after the biopsy,
and no obvious metastasis to other organs was observed (Figure 4). Additionally, natural
killer (NK) cell activity in peripheral brood 12 months after the biopsy was 16% (upper
reference limit 40%). Tumor markers at 12 months after biopsy were CEA at 5.0 ng/mL
and CYFRA at 1.6 ng/mL, which were not elevated. The patient continues to be observed
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for findings that may suggest re-enlargement of the lesion. The patient is followed up with
periodic laboratory tests and imaging studies for findings suggestive of recurrence.
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by immunohistochemistry are shown not only in the tumor but also in the necrotic area (400×) (C). 
CD68-positive cells (macrophages) by immunohistochemistry are shown more abundant in the 
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Figure 2. The histological examination of a percutaneous needle biopsy. At low power magnifica-
tion (Hematoxylin and Eosin staining, 100×), the tumor grows in an irregular geographic pattern
consisting of polygonal cells with brightly pink cytoplasm, and hyperchromatic and angular nuclei,
and an area of necrosis in its upper can be seen (A). The pink cytoplasm with distinct cell borders
and immature keratin pearls are seen at high magnification (HE 400×) (B). Cells positive for CK5/6
by immunohistochemistry are shown not only in the tumor but also in the necrotic area (400×)
(C). CD68-positive cells (macrophages) by immunohistochemistry are shown more abundant in the
necrotic area than in the tumor and its stroma (400×) (D).
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Figure 4. Chest CT images before biopsy (A), 35 days after biopsy (B), 67 days after biopsy (C),
118 days after biopsy (D), 12 months after biopsy (E), 20 months after biopsy (F). The S4 nodule in
the left lung continued to shrink after biopsy without any anti-cancer therapy.

3. Discussion

SR of cancer is proposed as partial or complete lesion disappearance after no treatment
or treatment considered ineffective and lasting at least 1 month [1]. The SR is extremely
rare with approximately 1 in 60,000 to 100,000 patients with malignant tumors [2], which is
higher (approximately 1 in 12,000) in Japan [3]. SR in malignant lymphoma, hepatocellular
carcinoma, and lung cancer have been reported in a relatively small number of cases. A
review of the literature by Challis and Stam from 1966 to 1987 also determined that of a
total of 504 SR patients, only 25 (5%) had primary lung or bronchial carcinoma [4].

Zhang’s review of PubMed searches for 30 years from 1988 to January 2018 reported
only 14 cases of primary lung cancer with SR in which pathological examination could ex-
plain complete or partial disappearance of cancer in the patient’s tissues [5]. Of the 14 cases,
pathological samples were collected by percutaneous lung biopsy in four, transbronchial
biopsy in five, thoracoscopy in one, sputa cytology in one, and unknown method in two.
Recently, cases of lung cancer in which SR were observed after endobronchial ultrasound-
guided transbronchial needle aspiration were reported [6,7]. Based on the literature from
1988 to 2019, 18 cases of lung cancer were compared by pathological type, with three of
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adenocarcinoma, eight of squamous cell carcinoma, none of small cell carcinoma, three of
large cell carcinoma, and four of poorly differentiated carcinoma [8]. On the other hand,
in a literature review in Japan, the frequencies are adenocarcinoma (45%), squamous cell
carcinoma (20%), small cell carcinoma (20%), and large cell carcinoma (5%), which is almost
the same as the incidence of cancer [3].

SR of malignant tumor is often considered sudden and triggered by external factors [9].
Mechanisms of SR have been extensively proposed, ranging from immune mediation, tumor
inhibition by cytokines or growth factors, hormonal influence, elimination of carcinogenesis,
tumor necrosis, angiogenesis inhibition, apoptosis, epigenetic mechanisms to induction
of differentiation [9–12]. Regarding cancer immunity, it is well known that cytotoxic T
cells and NK cells play a central role [13,14]. However, there are only a few case reports
suggesting the involvement of these immune cells in SR cases, such as the report by
Iwakami et al. stating that CD8-positive T cells may have played an important role in
cancer cell cytotoxicity [15]. There are also reports of immunostaining for the percentage
of CD4-positive T cells and CD8-positive T cells within tumors that have SR. Nogimori
et al. reported a higher percentage of CD8-positive T cells within the tumor [16], while Ito
et al. reported that CD4-positive T cells and CD8-positive T cells within the tumor were
comparable, rather than fewer CD8-positive T cells at the tumor margin [17]. Since we
could not confirm the infiltration of NK cells, CD8-positive T cells and CD4-positive T cells
in the biopsy specimen obtained in our case, we have not obtained findings that support
the above mechanism.

On the other hand, a case with SR suggesting the involvement of prominent macrophage
infiltration into the tumor tissue have been reported by Kawasaki et al. [18]. In their pa-
tient, lung mass lesion surgically resected after SR showed no viable tumor cells and the
replacement by coagulative necrosis with prominent infiltration of macrophages. Sim-
ilarly, in our case, both tumor tissue and necrotic areas were markedly infiltrated with
CD68-positive macrophages, many of which expressed PD-L1. PD-L1 is a transmembrane
protein that is expressed on tumor cells and binds to PD-1 on the surface of T cells to
suppress tumor immunity [19]. PD-L1-expressing macrophages are commonly recognized
as tumor-associated macrophages (TAMs), and the presence of TAMs promotes tumor
growth [20]. However, in our case, the tumor disappeared after biopsy despite the presence
of macrophages presumed TAMs, indicating the discrepancy between histopathological
findings and subsequent clinical course. Although we do not have objective evidence to
fully explain this paradoxical phenomenon, we presume that the mechanical stimulation
induced by biopsy suppressed the interaction of PD-1 and PD-L1 via an immunological
mechanism that mimics immune checkpoint inhibitors, resulting in the shrinkage of tumor.

The act of biopsy results in vascular injury and hemorrhage within the tumor mi-
croenvironment, releasing vasoactive substances from damaged tissue and platelets and
increasing capillary permeability. As a result, leukocytes and plasma emerge into the
tumor microenvironment. This early response to wound healing involves helper T cell
type 1 response, which releases interferon-γ and interleukin-1 to promote the differentia-
tion and migration of macrophages of the M1 phenotype [21] We hypothesize that through
these processes, macrophages within the tumor microenvironment replaced the TAMs
(which exhibits M2-like traits in malignant tumors) with the M1 phenotype and restored
the ability of CD8-positive T cells to target the SR. However, in order for such phenotype
conversion to result in SR, which occurs very rarely, it is necessary to sustain the conversion.
In addition, recently, PI3Kγ has attracted attention as a key molecule of TAM, and it has
been shown that inhibition of PI3Kγ reduces its own immunosuppressive function and
promotes T cell cytotoxicity [22]. Therefore, it is possible that mechanical stimulation by
biopsy had some effect on PI3Kγ expression.

As of October 2022, PubMed searches have detected only one report referring to the
relationship with PD-L1 expression in cases in which spontaneous regression occurred
without surgery, chemotherapy, or radiotherapy [8]. On the other hand, since the selection
of anti-PD-1 antibody drugs considering expression not only in tumor cells but also in stro-
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mal cells is being carried out in clinical settings [23], changes in TAM related to spontaneous
disappearance have to be focused on. Based on the above background, the relationship
between PD-L1 expression on tumor cells, in the future, we hope that the relationship
between PD-L1 expression on tumor cells, local infiltration of TAMs, and PD-1 expression
on T cells will be investigated in detail in cases showing SR associated with interventional
invasion. There have also been reports of changes in pathological findings on biopsies
performed before spontaneous regression and after tumor re-enlargement in cases in which
CD4-positive and CD8-positive T cells were thought to be associated with spontaneous re-
gression [24]. If the lesions re-enlarge in the patient, comparison of histopathologic findings
from biopsy or surgery may lead to an analysis of these associations. Furthermore, there
are cases of spontaneous regression without mechanical invasion triggered by changes in
the living environment or supplements, and a more detailed study of the mechanism may
be possible if these cases can be compared.

4. Conclusions

We report a case of squamous cell lung carcinoma diagnosed by percutaneous needle
biopsy with high PD-L1 TPS expression (>50%), which spontaneously regressed. The
patient did not receive standard cancer treatments, including chemotherapy, nor did
he make any changes in his living environment, diet, or start taking new medications
or supplements. Since there are cases of SR, the possibility of lung cancer should be
considered even if the nodule shadow shows shrinkage on chest imaging. We presume
that the mechanical stimulation induced by biopsy suppressed the interaction of PD-1
and PD-L1 via an immunological mechanism that mimics immune checkpoint inhibitors,
resulting in the shrinkage of tumor. We also hypothesize that macrophages within the
tumor microenvironment replaced the TAMs (which exhibits M2-like traits in malignant
tumors) with the M1 phenotype and restored the ability of CD8-positive T cells to target
the SR. The mechanism of SR assumed by the pathological findings in our case is limited
because it is based on observation of only a small portion obtained by needle biopsy.
Although our case has progressed without re-enlargement of the lesion, some cases have
been reported to show re-enlargement of the lesion after spontaneous regression [25], and
careful long-term observation is considered necessary.

Author Contributions: Conceptualization, M.S., H.T. and K.K.; investigation, M.S.; data curation,
M.S.; writing—original draft preparation, M.S.; writing—review and editing, H.T., T.O., N.N., K.I.,
H.N., K.O. and H.C.; visualization, M.S.; supervision, H.T.; project administration, H.C. All authors
have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: No specific ethics committee approval was required for
this study.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Data supporting the study findings are available from the correspond-
ing author upon reasonable request.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Everson, T.C. Spontaneous regression of cancer. Ann. N. Y. Acad. Sci. 1964, 114, 712–735. [CrossRef]
2. Cole, W.H. Efforts to explain spontaneous regression of cancer. J. Surg. Oncol. 1981, 17, 201–209. [CrossRef] [PubMed]
3. Iwanaga, T. Studies on cases of spontaneous regression of cancer in Japan in 2011, and of hepatic carcinoma, lung cancer and

pulmonary metastases in the world between 2006 and 2011. Cancer Chemother. 2013, 40, 1475–1487. (In Japanese)
4. Challis, G.B.; Stam, H.J. The spontaneous regression of cancer. A review of cases from 1900 to 1987. Acta Oncol. 1990, 29, 545–550.

[CrossRef]
5. Zhang, J.; Wang, H.; Li, C.; Qian, H. Chance to rein in a cancer–Spontaneous regression of lung carcinoma (1988–2018): A 30-year

perspective. Int. J. Clin. Exp. Pathol. 2020, 13, 1190–1196.

http://doi.org/10.1111/j.1749-6632.1964.tb40991.x
http://doi.org/10.1002/jso.2930170302
http://www.ncbi.nlm.nih.gov/pubmed/6166811
http://doi.org/10.3109/02841869009090048


Medicina 2023, 59, 631 7 of 7

6. Sekine, A.; Oda, T.; Shintani, R.; Ikeda, S.; Baba, T.; Iwasawa, T.; Komatsu, S.; Hagiwara, E.; Ogura, T. Spontaneous regression
following endobronchial ultrasound-guided transbronchial needle aspiration in lung cancer patients. Respir. Investig. 2021, 59,
691–694. [CrossRef] [PubMed]

7. Kitai, H.; Sakakibara-Konishi, J.; Oizumi, S.; Hirohashi, Y.; Saito, W.; Kanda, A.; Sato, N.; Nishimura, M. Spontaneous regression
of small cell lung cancer combined with cancer associated retinopathy. Lung Cancer 2015, 87, 73–76. [CrossRef] [PubMed]

8. Yoon, H.-Y.; Park, H.S.; Cho, M.S.; Shim, S.S.; Kim, Y.; Lee, J.H. Spontaneous remission of advanced progressive poorly
differentiated non-small cell lung cancer: A case report and review of literature. BMC Pulm. Med. 2019, 19, 210. [CrossRef]

9. Papac, R.J. Spontaneous Regression of Cancer: Possible Mechanisms. In Vivo 1998, 12, 571–578.
10. Kaiser, H.E.; Siegel, S.E.; Gröger, A.M.; Bodey, B. Spontaneous neoplastic regression: The significance of apoptosis. In Vivo 2000,

14, 773–788.
11. Bodey, B. Spontaneous regression of neoplasms: New possibilities for immunotherapy. Expert Opin. Biol. Ther. 2002, 2, 459–476.

[CrossRef]
12. García-Hernández, M.D.L.L.; Uribe-Uribe, N.O.; Espinosa-González, R.; Kast, W.M.; Khader, S.A.; Rangel-Moreno, J. A Unique

Cellular and Molecular Microenvironment Is Present in Tertiary Lymphoid Organs of Patients with Spontaneous Prostate Cancer
Regression. Front. Immunol. 2017, 8, 563. [CrossRef] [PubMed]

13. Fu, C.; Jiang, A. Dendritic Cells and CD8 T Cell Immunity in Tumor Microenvironment. Front. Immunol. 2018, 9, 3059. [CrossRef]
[PubMed]

14. Huntington, N.D.; Cursons, J.; Rautela, J. The cancer–natural killer cell immunity cycle. Nat. Rev. Cancer 2020, 20, 437–454.
[CrossRef]

15. Iwakami, S.-I.; Fujii, M.; Ishiwata, T.; Iwakami, N.; Hara, M.; Ihara, H.; Wada, R.; Tsutsumi, T.; Seyama, K.; Takahashi, K. Small-cell
Lung Cancer Exhibiting Spontaneous Regression. Intern. Med. 2013, 52, 2249–2252. [CrossRef] [PubMed]

16. Nogimori, C.; Yamamoto, H.; Nonaka, K.; Sazuka, M.; Hamaya, H.; Yamada, H. Spontaneous regression of lung cancer in an
elderly patient: A case report. Jpn. J. Geriatr. 2017, 54, 555–559. [CrossRef] [PubMed]

17. Ito, Y.; Kobayashi, H. A case of spontaneous regression of small cell lung cancer. J. Jpn. Assoc. Chest Surg. 2013, 27, 894–898.
[CrossRef]

18. Kawasaki, H.; Yoshida, J.; Yokose, T.; Suzuki, K.; Nagai, K.; Hojo, F.; Kodama, T.; Nishiwaki, Y. Primary Unknown Cancer in
Pulmonary Hilar Lymph Node with Spontaneous Transient Regression: Report of a Case. Jpn. J. Clin. Oncol. 1998, 28, 405–409.
[CrossRef]

19. Blank, C.; Mackensen, A. Contribution of the PD-L1/PD-1 pathway to T-cell exhaustion: An update on implications for chronic
infections and tumor evasion. Cancer Immunol. Immunother. 2007, 56, 739–745. [CrossRef]

20. Belai, E.B.; de Oliveira, C.E.; Gasparoto, T.H.; Ramos, R.N.; Torres, S.A.; Garlet, G.P.; Cavassani, K.A.; Silva, J.S.; Campanelli, A.P.
PD-1 blockage delays murine squamous cell carcinoma development. Carcinogenesis 2014, 35, 424–431. [CrossRef]

21. Ricketts, T.D.; Prieto-Dominguez, N.; Gowda, P.S.; Ubil, E. Mechanisms of macrophage plasticity in the tumor environmSent:
Manip-ulating activation state to improve outcomes. Front Immunol. 2021, 12, 642285. [CrossRef] [PubMed]

22. Kaneda, M.M.; Messer, K.S.; Ralainirina, N.; Li, H.; Leem, C.J.; Gorjestani, S.; Woo, G.; Nguyen, A.V.; Figueiredo, C.C.;
Foubert, P.; et al. PI3Kγ is a molecular switch that controls immune suppression. Nature 2016, 539, 437–442. [CrossRef]

23. Burtness, B.; Harrington, K.J.; Greil, R.; Soulières, D.; Tahara, M.; de Castro, G., Jr.; Psyrri, A.; Basté, N.; Neupane, P.;
Bratland, A.; et al. Pembrolizumab alone or with chemotherapy versus cetuximab with chemotherapy for recurrent or metastatic
squamous cell carcinoma of the head and neck (KEYNOTE-048): A randomised, open-label, phase 3 study. Lancet 2019, 394,
1915–1928. [CrossRef]

24. Yamaguchi, H.; Muto, S.; Inomata, S.; Watanabe, M.; Ozaki, Y.; Okabe, N.; Matsumura, Y.; Shio, Y.; Suzuki, H. A Case of Lung
Squamous Cell Carcinoma That Regrew Four Months After Spontaneous Regression Following a Transbronchial Biopsy. Haigan
2022, 62, 103–106. [CrossRef]

25. Jeong, J.H.; Choi, P.J.; Yi, J.H.; Jeong, S.S.; Lee, K.N. Lymph Node Metastasis after Spontaneous Regression of Non-Small Cell
Lung Cancer. Korean J. Thorac. Cardiovasc. Surg. 2019, 52, 119–123. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1016/j.resinv.2021.05.003
http://www.ncbi.nlm.nih.gov/pubmed/34147461
http://doi.org/10.1016/j.lungcan.2014.10.015
http://www.ncbi.nlm.nih.gov/pubmed/25468200
http://doi.org/10.1186/s12890-019-0978-4
http://doi.org/10.1517/14712598.2.5.459
http://doi.org/10.3389/fimmu.2017.00563
http://www.ncbi.nlm.nih.gov/pubmed/28567040
http://doi.org/10.3389/fimmu.2018.03059
http://www.ncbi.nlm.nih.gov/pubmed/30619378
http://doi.org/10.1038/s41568-020-0272-z
http://doi.org/10.2169/internalmedicine.52.0284
http://www.ncbi.nlm.nih.gov/pubmed/24088761
http://doi.org/10.3143/geriatrics.54.555
http://www.ncbi.nlm.nih.gov/pubmed/29212998
http://doi.org/10.2995/jacsurg.27.894
http://doi.org/10.1093/jjco/28.6.405
http://doi.org/10.1007/s00262-006-0272-1
http://doi.org/10.1093/carcin/bgt305
http://doi.org/10.3389/fimmu.2021.642285
http://www.ncbi.nlm.nih.gov/pubmed/34025653
http://doi.org/10.1038/nature19834
http://doi.org/10.1016/S0140-6736(19)32591-7
http://doi.org/10.2482/haigan.62.103
http://doi.org/10.5090/kjtcs.2019.52.2.119
http://www.ncbi.nlm.nih.gov/pubmed/31089452

	Introduction 
	Case Report 
	Discussion 
	Conclusions 
	References

