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ARTICLE INFO ABSTRACT

Article history: Spontaneous regression of cancer is a rare biological phenomenon and the mechanisms
Received 4 March 2024 underlying it are poorly understood. There have been few reports of temporal changes in
Revised 21 April 2024 morphology and metabolism associated with spontaneous regression. Here, we report an
Accepted 9 July 2024 80-year-old man who presented with right upper quadrant pain. He was diagnosed with

stage IVA lung cancer, but without treatment, rib metastasis disappeared 4 months after
the diagnosis. Although mediastinal lymph node metastasis regressed partially it began to

Keywords: grow 10 months after the diagnosis. In this case, complete and partial spontaneous tumor
Lung cancer regressions were observed in the patient, allowing for a comparison of morphological and
Spontaneous regression metabolic changes during each occurrence by serial computed tomography (CT) and *8F-
Percutaneous biopsy fluodeoxyglucose positron emission tomography with computed tomography (FDG-PET/CT).
18F-fluodeoxyglucose We observed that the rib metastasis with high FDG uptake on initial PET/CT was composed
Positron emission tomography of cancer cells as well as intratumoral immune cells, whereas recurrent mediastinal lymph
Computed tomography node metastasis with high FDG uptake on follow-up PET/CT was composed of cancer cells

with few immune cells. Our findings suggest that hypermetabolism within the rib metas-
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tasis on initial PET/CT reflected immune activation, whereas hypermetabolism within the
mediastinal lymph node on follow-up PET/CT reflected tumor activation.
© 2024 The Authors. Published by Elsevier Inc. on behalf of University of Washington.

This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Case report

An 80-year-old man presented to our hospital with right up-
per quadrant pain that corresponded to the right lower ribs.
He was an ex-smoker (40 cigarettes/day for 20 years, cessation
for 40 years), and his medical history included dyslipidemia,
hypertension, and diabetes mellitus. A laboratory examina-
tion revealed a white blood cell count of 8200 /ul, a C-reactive
protein level of 1.64 mg/dL, and no elevation of serum tumor
markers. A computed tomography (CT) scan revealed a 50x31
mm mass lesion in the seventh right rib with bone destruc-
tion. There was also a 22x14 mm lung mass in the right lower
lobe and a 32x26 mm enlarged mediastinal lymph node in the
right lower paratracheal region, with no other abnormalities
(Fig. 1).

Two weeks after the initial CT, a percutaneous ultrasound-
guided 18-gauge needle biopsy of the rib mass was performed
twice without complication. The CT scan at the time of biopsy
showed the size of the rib tumor was unchanged from the ini-
tial CT. Histologic examination of the biopsy indicated a poorly
differentiated carcinoma with abundant inflammatory cell in-
filtration (Fig. 2). Immunohistochemical staining for cytoker-
atin MNF116, CD56, and P40 was positive, suggesting com-

bined neuroendocrine and squamous cell carcinoma. Three
weeks after the biopsy, 8F-fluodeoxyglucose positron emis-
sion tomography with computed tomography (FDG-PET/CT)
(Discovery IQ, GE Healthcare, Milwaukee, WI, USA) was per-
formed for initial staging. PET/CT images were obtained start-
ing 50 min after an intravenous administration of 190 MBq *8F-
FDG. The PET/CT showed highly increased uptake in biopsied
rib metastasis with a maximum standardized uptake value
(SUVmax) of 12.3, with mild FDG uptake in the lung lesion
and mediastinal lymph metastasis with an SUVmax of 3.2 and
3.1, respectively, without other abnormalities (Fig. 3). There-
fore, a tentative diagnosis of stage IVA lung cancer accord-
ing to the eighth edition of the American Joint Committee on
Cancer/Union for International Cancer Control tumor, node,
metastasis staging classification was proposed. The patient
did not want further therapy except for an analgesic, and he
was followed up thereafter.

Figure 4 shows the tumor size on follow-up CT at different
time points after the rib biopsy. Two months after the biopsy,
the size of all tumor lesions had decreased, and 4 months af-
ter the biopsy, the biopsied rib metastasis had completely dis-
appeared, but the right lower paratracheal lymph node con-
tinued to show slight growth and shrinkage, resulting in a
large increase in the size with right upper paratracheal lymph

Fig. 1 - Temporal changes of chest CT findings.

(A-C): The initial CT scan showed a 22 x 14 mm lung nodule in the right lower lobe (white arrowhead), a 32 x 26 mm
enlarged mediastinal lymph node in the right lower paratracheal region (white arrow), and a 50 x 31 mm mass in the
seventh right rib (black arrow). (D-F): A CT scan 4 months after the biopsy showed the rib mass had disappeared and the
size of the lung nodule and right lower paratracheal lymph node had decreased. (G-I): A CT scan 14 months after the biopsy
showed the right lower paratracheal lymph node had regrown and a 36 x 24 mm upper paratracheal lymph node was
present (red arrowhead). There was no apparent increase in the size of the lung nodule.
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Fig. 2 - Histopathological findings of rib and mediastinal lymph node specimens.

(A, B): Hematoxylin and eosin staining of the rib biopsy tissue showing tumor cells with abundant inflammatory cell
infiltration. Immunohistochemical staining of the rib specimen showed that the tumor cells were positive for (C) cytokeratin
MNF 116, (D) CD56, and (E) p40. (F): Hematoxylin and eosin staining of mediastinal lymph node biopsy tissue showing
tumor cells with scant inflammatory cell infiltration. Immunohistochemical staining showed that the tumor cells were
positive for (G) cytokeratin MNF 116, (H) CD56, and (I) p40. Scale bars represent 50 pm.

Fig. 3 - FDG-PET/CT scan for initial staging in lung cancer.
(A) Maximum intensity projection and (B-D) transaxial
fused PET/CT for initial staging showed high FDG uptake in
the rib tumor (SUVmazx, 12.3) (black arrow) and mild FDG
uptake in the lung nodule (SUVmazx, 3.2) (white arrowhead)
and right lower paratracheal lymph node (SUVmax, 3.1)
(black arrowhead). Blood glucose level at the administration
of the tracer was 146 mg/dL. The color scale in the fused
PET/CT images shown on the right side of this figure
ranged from SUV 0.5-7.0. SUV, Standardized uptake value;
SUVmax, maximum SUV.

node enlargement 14 months after the biopsy (Fig. 1). There-
fore, endobronchial ultrasound-guided transbronchial needle
aspiration of the mediastinal lymph node was performed. His-
tologic examination of the specimens revealed a carcinoma
that was immunohistochemically similar to the specimen of
the rib biopsy although inflammatory cell infiltration was
scant (Fig. 2). Three weeks after endobronchial ultrasound-
guided transbronchial needle aspiration, a follow-up PET/CT
scan showed the complete disappearance of FDG uptake in
rib metastasis, whereas FDG uptake in the lung lesion, right
lower paratracheal lymph node, and right upper paratracheal
lymph node metastases with SUVmax was 2.7, 8.7, and 9.8,
respectively, without other abnormalities (Fig. 5).

Discussion

Spontaneous regression (SR) is defined as “the partial or com-
plete disappearance of a tumor in the absence of any treat-
ment capable of regression” [1]. SR of cancer is estimated to
occur in 1 in every 60,000 to 100,000 cancer patients according
to the type of cancer [2]. The obvious putative mechanism of
such spontaneous tumor regression involves immune rejec-
tion [3,4]. The clinical implication of SR is that there might be
a rare, but extremely effective, mechanism that can eradicate
cancer cells after the development of advanced malignancy.
FDG-PET/CT, a noninvasive whole-body imaging modality
that can capture metabolic information, has been extensively
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Fig. 4 - Temporal changes in tumor size on follow-up CT
after rib biopsy.

The rib tumor completely regressed 4 months after the
biopsy. The lung nodule and right lower paratracheal
lymph node showed slight growth and shrinkage after the
biopsy, but the mediastinal lymph node was obviously
enlarged 10 months after the biopsy. The sizes of the 4
lesions (rib tumor, lung nodule, right lower paratracheal
lymph node, right upper paratracheal lymph node) are
represented by a dashed line, dashed-dotted line, solid line,
and dotted line, respectively. The sizes of the rib tumor and
lung nodule were measured as the diameter of the long
axis. The size of lymph nodes was measured as the
diameter of the short axis.

used in clinical practice. The uptake of FDG reflects the glu-
cose metabolism of cells within the tumor area, and can re-
flect both the state of tumor cells and immune cell activation
[5,6].

To the best of our knowledge, this is the first known case
of the complete and partial SR of metastases of lung cancer
with a documented change in tumor size on close follow-up
CT. We also observed changes in tumor metabolism, possibly
associated with anti-cancer immunity, on serial PET/CT.

Although our patient’s rib tumor exhibited a pre-existing
immune infiltrate in the biopsy specimen, the percutaneous
biopsy may have contributed to the further enhanced the anti-
cancer effect, because the lung lesion and mediastinal lymph
node metastasis without percutaneous biopsy did not un-
dergo complete regression. Cole reported 176 cases of spon-
taneous cancer regression, of which 40% were associated with
some type of operative trauma [7]. The healing process associ-
ated with trauma causes an increase in immunological resis-
tance to tumor growth and may induce spontaneous remis-
sion [8]. Therefore, we speculate that in our case, the percu-
taneous biopsy caused tissue injury such as damage to the
neovasculature, which may have induced necrosis that pro-
moted locoregional inflammation. Indeed, only the biopsied
rib metastasis showed considerably higher FDG uptake com-
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Fig. 5 - FDG-PET/CT scan for restaging in recurrent lung
cancer.

(A) Maximum intensity projection and (B-D) transaxial
fused PET/CT at follow-up showed high FDG uptake in the
right lower paratracheal and right upper paratracheal
lymph nodes (SUVmax, 8.7 and 9.8) (black arrowhead, red
arrowhead, respectively), whereas there was mild FDG
uptake into the lung nodule (SUVmax, 2.7) (white
arrowhead). A follow-up PET/CT showed the complete
disappearance of FDG uptake by the rib tumor. The blood
glucose level at the administration of the tracer was

175 mg/dL. The color scale in the fused PET/CT images
shown on the right side of this figure ranged from SUV
0.5-7.0. SUV, Standardized uptake value; SUVmax,
maximum SUV.

pared with the other lesions. Nevertheless, the rib lesion un-
derwent complete remission.

In addition, the lung lesion and mediastinal metastasis
partially regressed after the biopsy and continued to show
slight growth and shrinkage without apparent enlargement
for 10 months. The PET/CT for initial staging showed much
less FDG uptake in the mediastinal metastasis and the lung
lesion than in the rib metastasis. Previous studies showed that
cytokines produced by activated immune cells limited tumor
growth by inducing apoptosis [9,10]. Therefore, the occurrence
of apoptosis that does not induce inflammation [11] may have
led to the partial regression, following the rib tumor injury re-
sulting in spillage of the contents of the cell into surround-
ing tissues. However, because we could not perform biomarker
analysis of the host immune response by flow cytometry, the
evaluation of local and systemic immune responses is inade-
quate.

We also observed changes in FDG uptake in the right
lower paratracheal lymph node metastasis between the initial
PET/CT and follow-up PET/CT. Values of SUVmax were lower in
the initial PET/CT than in the follow-up PET/CT, but there were
no differences in the tumor size. Although which host and tu-
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mor characteristics were involved in this phenomenon remain
unclear, increased FDG uptake in the right lower paratracheal
lymph node might be related to the tumor rather than im-
mune cell infiltration because tumors in the late-stage of dis-
ease become gradually less immunogenic [12]. Indeed, the me-
diastinal lymph node was growing at the time of the follow-up
PET/CT and mediastinal biopsy tissue showed scant immune
cell infiltration. Even though the lung nodule maintained low
FDG uptake in the follow-up PET/CT, it is not uncommon to ob-
serve variable growth rates of primary and metastatic lesions
in clinical practice.

Our patient had no changes in medications except for anal-
gesics. Although the patient had received vaccinations for
coronavirus disease 2019 before and after the diagnosis, it
would be reasonable to assume that a systemic antitumor ef-
fect caused by boosting the immune response was not the
most influential factor in the regression of rib metastasis be-
cause only the rib tumor, which was the largest lesion in our
patient, regressed dramatically over a short duration after the
biopsy whereas other lesions only regressed slightly. However,
as biopsy-induced tumor shrinkage is very rare, the abun-
dant lymphocytes present in the tumor before biopsy prob-
ably also had an important role as did the immunotherapy
[13].

This case report had some limitations. First, we were not
able to prove malignancy of the primary tumor in the lower
lobe of the right lung as in another reported case of SR [14,15].
However, histological examination of the rib and mediasti-
nal lesions showed pan-cytokeratin positivity, so in theory,
this might be a metastasis from epithelial cancer. There was
a proven metastatic lymph node in an expected position for
lung cancer. In addition, the staging procedures did not re-
veal any other lesions and no malignancy developed else-
where during 14 months of follow-up. Therefore, the most rea-
sonable explanation for the findings in our case is a primary
lung cancer with lymph node and rib metastases. Second, the
follow-up was still short in this case and long-term follow-up
is needed to determine the status of the tumor.

In conclusion, we report the serial CT and PET/CT findings
of a rare case of SR of lung cancer. Our findings may indi-
cate that hypermetabolism within the rib metastasis on ini-
tial PET/CT reflected immune activation whereas hyperme-
tabolism within the mediastinal lymph node on follow-up
PET/CT reflected tumor activation. In this case, conventional
CT and biopsy information was helpful for assessing tumor
viability, because FDG cannot differentiate between prolifera-
tive tumor cells and tumor-infiltrating immune cells.

Data statement

All data generated or analyzed during this study are included
in this article. Further inquiries can be directed to the corre-
sponding author.

Patient consent

Written informed consent was obtained from the patient de-
scribed in this manuscript.
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