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Abstract
Background: Pulmonary involvement from prostate cancer is a well-known condition, but solitary lung metastasis is rare, with its associated clinical
characteristics not yet fully elucidated.

Case presentation: A 77-year-old man, with a history of radical prostatectomy for primary prostatic carcinoma 14 years prior, presented to our institution with a
low-grade fever. Upon consultation, biochemical recurrence was suspected due to a gradual increase in prostate-speci�c antigen level. Salvage radiation
therapy was considered but not performed since there was no recurrent macroscopic tumor. Computed tomography showed a solitary nodule with spiculation
located on the upper lobe of the left lung while positron emission tomography suggested malignancy without metastasis. Based on these �ndings, primary
lung cancer was suspected and thoracoscopic left upper lobectomy with lymph node dissection was performed. Pathological diagnosis of the tumor was a
solitary lung metastasis of prostate cancer. The postoperative recovery was uneventful.

Conclusion: We report a case with normal prostate-speci�c antigen level, along with a literature review. According to previous case reports, there are some
pitfalls leading misdiagnosis as a primary lung tumor. However, we consider that surgical resection is associated with increased diagnostic accuracy and
long-term survival.

Background
Pulmonary metastasis secondary to prostate cancer has been reported in more than 40% of patients in an autopsy series. In contrast, solitary lung metastasis
from prostate cancer is rare, and only 35 cases have been reported (Table 1) [1–24]. More than half of the patients (22/35) underwent lung resection, and
most of them achieved cancer control and long-term survival. We report a rare case of isolated lung metastasis from prostate cancer with normal prostate-
speci�c antigen (PSA) level 14 years after radical prostatectomy and review the former case series.
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Table 1
Clinical data of patients with solitary pulmonary metastasis from prostate cancer

Author Year Age Initial
characteristics

Initial
Treatment

Preoperative
PSA

Lung
metastasis
characteristic

Duration
from
initial
treatment
to clinical
recurrence

Duration
from
biochemical
recurrence
to clinical
recurrence

Solitary lung
metastasis
treatment

Outcome

Varkarakis
et al.[1]

1974 1 case details unknown

Fabozzi et
al. [2]

1995 11cases details unknown

Rocket et al.
[3]

1990 83 Low grade Radiation
therapy

unknown Left lower
lobe

unknown unknown Orchiectomy undetecta

Smith et al.
[4]

1999 70 pT2/4 + 5 Radical
prostatectomy

unknown Right S7,2cm unknown unknown Surgical
resection

undetecta

Ho�and et
al. [5]

2000 49 pT3c/4 + 5 Radical
prostatectomy

1 Left lower
lobe

4 years
and 2
months

3 years and
8 months

Lobectomy brain
metastase

Chao et al.
[6]

2004 68 pT2a/4 + 5 Radical
prostatectomy

0.4 Left lower
lobe,1.2cm

1 year
and 3
months

0 Wedge
resection

12-year
disease fre
follow up

Pruthi et al.
[7]

2007 72 pT2b/3 + 3 Radical
prostatectomy

4.1 Left S8,2cm 4 years
and 3
months

3 years and
3 months

Endocrine
therapy and
wedge
resection

3-year
disease fre
follow up

Khandani et
al. [8]

2009 78 unknown Radiation
therapy

8.5 Left S10,5cm 15 years 2 years Lobectomy
and
mediastinal
LND

undetecta

Boyer et al.
[9]

2009 65 pT2/3 + 3 Radical
prostatectomy

3 Left upper
lobe,2.8cm

unknown unknown Surgical
resection

undetecta

Sakai et al.
[10]

2010 74 unknown Endocrine + 

radiation
therapy

1.24 Left S8,2cm 7 years
and 6
months

unknown Wedge
resection

5-month
disease fre
follow up

Goto et al.
[11]

2010 73 pT4/4 + 5 Neoadjuvant
endocrine
therapy + 

pelvic
evisceration

normal
range

Right S3,2cm 11
months

unknown Wedge
resection

10-month
disease fre
follow up

Pepe et al.
[12]

2012 75 pT3a/

4+3

Radical
prostatectomy

unknown Left S6,2cm 9 years No
biochemical
recurrence

Segmental
resection

6-month
disease fre
follow up

Calais et al.
[13]

2014 67 pT1c/4 + 4 Endocrine + 

radiation
therapy

3.5 Right middle
lobe ,4.6cm

9 years 2 years Lobectomy undetecta

Maebayashi
et al. [14]

2015 50 cT4/4 + 5 with
NED

Endocrine + 

radiation
therapy

normal
range

Left S5,3cm 1 year
and 1
month

No
biochemical
recurrence

Lobectomy
and
mediastinal
LND

Died after
2.5years
after
metastase
detected

Gago et al.
[15]

2016 62 pT3a/7 Radical
prostatectomy

4.3 Left lower
lobe

3 years
and 10
months

1 year and
10 months

Wedge
resection

4-year
disease fre
follow up

Mortier et
al. [16]

2016 82 pT3/6 Radical
prostatectomy

3.32 Right S7,2cm 9 years 7 years Lobectomy 1-year
disease fre
follow up

Iijima et al.
[17]

2017 71 unknown Radical
prostatectomy

0.521 Right
S3,2.2cm

9 years 8 years Lobectomy
and ND2a-2
LND

2-year and
month
disease fre
follow up

Rush et al.
[18]

2017 70 pT4/4 + 4 Radical
prostatectomy

2.9 Right lower
lobe,4.7cm

1 year
and 11
months

7 months Segmental
resection

2-year
disease fre
follow up

PSA: prostate-speci�c antigen; NED: neuroendocrine differentiation; LND: lymph node dissection.
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Author Year Age Initial
characteristics

Initial
Treatment

Preoperative
PSA

Lung
metastasis
characteristic

Duration
from
initial
treatment
to clinical
recurrence

Duration
from
biochemical
recurrence
to clinical
recurrence

Solitary lung
metastasis
treatment

Outcome

Hokamp et
al. [19]

2017 63 Unknown Radical
prostatectomy 
+ endocrine + 

radiation
therapy

1.6 Right
S1,1.1cm

4 years unknown Surgical
resection

undetecta

Boschian et
al. [20]

2018 69 pT3a/4 + 3 Radical
prostatectomy

0.4 Left lower
lobe,1cm

3 years unknown Segmental
resection
and LND

3-year
disease fre
follow up

Polverali et
al. [21]

2018 78 pT2c/4 + 3 Radical
prostatectomy

0.33 Right
S3,0.7cm

13 years
and 2
months

8 years Wedge
resection+

LND

undetecta

Asano et al.
[22]

2019 80 pT3a/4 + 5 Radical
prostatectomy 
+ endocrine + 

radiation
therapy

0.33 Right
S9,1.1cm

5 years
and 6
months

unknown Wedge
resection

1-year and
month
disease fre
follow up

Wu et al.
[23]

2020 74 cT4/4 + 4 Chemotherapy 
+ endocrine
therapy

3 Right
S3,1.8cm

None None Lobectomy 3-year
disease fre
follow up

Present
case

2020 77 pT2b/3 + 4 Radical
prostatectomy

0.412 Left
S3,2.1cm

14 years
and 3
months

3 years Lobectomy
and ND2a-1
LND

1 year
disease fre
follow up

Yoshitake

et al. [24]

2021 83 unknown/5 Radiation
therapy

normal
range

Right S4 7 years
and
9 months

No
biochemical

recurrence

Lobectomy
and LND

5-year
disease fre
follow up

PSA: prostate-speci�c antigen; NED: neuroendocrine differentiation; LND: lymph node dissection.

Case Presentation
A 77-year-old man with low-grade fever was referred to our institution. The patient had a medical history of primary prostate cancer, pathologic stage T2bN0
(Gleason score 3 + 4) organ-con�ned disease. He underwent radical prostatectomy at a former hospital when he was 63 years old. The patient’s PSA level fell
to undetectable for 11 years post-surgery. During his consultation, the patient’s PSA level gradually increased and exceeded 0.2 ng/mL on two occasions
(normal range: ≤ 4 ng/mL) without evidence of macroscopic recurrence. This condition is identi�ed as biochemical recurrence. Gradual increase of PSA level
continued on for 2 more years. When it reached 0.412 ng/mL, point salvage radiotherapy was considered at the former hospital. However, this was not
performed because there was no recognized evidence of macroscopic recurrence, resulting in follow-up at the outpatient clinic without additional treatment.

Upon referral to our institution, computed tomography (CT) revealed a small nodule (1.5 cm diameter) with spiculation and pleural indentation found in the
upper lobe of the left lung (Fig. 1a). An 18-�uoro-2-deoxyglucose positron emission tomography (FDG-PET) showed highly selective accumulation in the
nodule, strongly suggesting a malignant tumor (standard uptake value max: 3.6) (Fig. 1b). CT and FDG-PET did not reveal any abnormal accumulation in the
other organs. Primary lung cancer (clinical T1bN0M0) was highly suspected. His serum tumor biomarkers for primary lung cancer were within the normal
ranges: carcinoembryonic antigen, < 1.0 ng/mL (normal range: <5.0 ng/mL); neuron-speci�c enolase, 8.2 ng/mL (< 16.3 ng/mL); and pro-gastrin-releasing
peptide, 50.9 pg/mL (< 81.0 pg/mL). We performed a thoracoscopic left upper lobectomy with hilar and mediastinal lymph node dissection as a radical
surgery for primary lung cancer. The operation time was 161 min and blood loss was 106 mL. An intraoperative frozen section was not submitted to
examination due to the high index of suspicion for primary lung cancer based on the preoperative imaging and serum PSA level with normal range, and the
limitations brought about by the coronavirus disease 2019 pandemic.

Postoperative histological examination revealed adenocarcinoma. The tumor showed crowded small glands with amphophilic cytoplasm and enlarged nuclei
with visible nucleoli (Fig. 2a). Immunohistochemical staining showed thyroid transcription factor 1 (-), hepatocyte nuclear factor 4 alpha (-), prostate-speci�c
antigen (+), and alpha-methylacyl-CoA racemase (+) in the tumor cells (Fig. 2b). The tumor was diagnosed as differentiated adenocarcinoma metastatic from
prostate cancer, based on hematoxylin and eosin staining and immunohistochemistry. After the operation, the patient’s recovery remained uneventful, and he
was discharged on postoperative day 9. His serum PSA level decreased to 0.07 ng/mL. He was closely followed up at the outpatient clinic for almost 1 year
without additional postoperative treatment. No recurrent signs, including elevation of PSA level, have been detected thus far.

Discussion
Prostate cancer has a high risk for biochemical recurrence, with incidence ranging from 27–53% [25]. Some studies have demonstrated that the mean interval
between biochemical recurrence (PSA re-elevation over 0.2 ng/ml twice after radical prostatectomy) and clinical recurrence (macroscopic appearance of
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recurrent lesion that can be identi�ed by imaging or histological examination) is approximately 8 years, suggesting that long-term observation is required for
patients with prostate cancer [26]. For this patient, we should have suspected the possibility of a clinical recurrence when CT revealed a lung nodule because
biochemical recurrence after radical prostatectomy was already observed in the recent three years. However, it was not suspected because of the following
reasons. The CT �ndings of this case included a solitary lesion with spiculation, which is more typical of primary lung cancer, rather than a metastatic lung
tumor, and the serum PSA level was still within the normal range. Additionally, solitary lung metastasis from prostate cancer is extremely rare. Radiologic
evidence of pulmonary metastases after surgery, chemotherapy, or radiotherapy for prostate cancer was detected in 48 out of 1290 patients (3.6%) while a
solitary pulmonary nodule was detected in only 11 out of 1290 patients (0.85%) [2]. For these reasons, clinical recurrence of prostate cancer was not strongly
suspected preoperatively.

To date, 35 patients with solitary lung metastasis from prostate cancer, including our case, have been reported. We reviewed 23 cases described in detail
(Table 1). The mean interval from biochemical recurrence to clinical recurrence is 3.6 years (range 0 ~ 8 years), respectively. This result is shorter than the
reported interval [26]. This might be in�uenced by risk factors for metastasis, such as advanced stage (pT3 or more) and high-grade cancer (Gleason Score > 
8), because 57% (13/23) patients have either or both factors. The mean interval from initial treatment for prostate cancer to clinical recurrence is 6.5 years
(range 0.9 ~ 15 years), respectively. This trend of recurrence seems completely different from other malignancies such as colon cancer. Based on these
�ndings, the possibility of a solitary lung metastasis from prostate cancer should be considered even when initial treatment had been performed more than 5
years prior and moreover, once biochemical recurrence is detected.

Previous studies have shown that metastases from prostate cancer with normal serum PSA levels suggest high-grade cancer, small cell carcinoma,
neuroendocrine tumor, or neuroendocrine differentiation [27]. Among the prior 23 cases, high-grade cancer or neuroendocrine differentiation was found in 9
patients, with most (8/9) of their serum PSA levels in the normal range. However, even among patients with low-grade cancer, normal serum PSA levels were
found in more than half (6/10). In all cases, 74% (17/23) had isolated lung metastasis with normal PSA levels regardless of the histology. Therefore, it is
necessary to consider the possibility of clinical recurrence from serum PSA �uctuations even in those with normal values like in our case.

The standard procedure for metastatic lung tumors is partial resection aimed at the preservation of lung parenchyma. Among 35 patients with solitary lung
metastasis, 22 patients had undergone lung resection, with 14 of them reporting satisfactory outcomes. Lobectomy was performed in 9 patients, including our
case. The reasons of this procedure in some cases are highly suggestive. In four cases, intraoperative frozen section examinations were unable to determine
whether the tumor was metastasis or primary lung adenocarcinoma [5, 14, 17, 24]. Considering these previous case studies, there is a high likelihood of
misdiagnosis of prostatic adenocarcinoma with lung metastasis as a primary pulmonary neoplasm in clinical practice. Copeland et al. reported the presence
of a tubule-papillary or a carcinoid-like histologic pattern in a pulmonary tumor does not readily associate it with the histologic features of prostatic carcinoma
[28]. Thus, in clinical practice, it is prudent to consider solitary lung metastasis from prostate cancer as a differential diagnosis for patients previously treated
for prostate cancer.

Pulmonary metastatic lesions which underwent metastasectomies have been closely related to survival in various cancers, including colon cancer and uterine
cervical cancer [29, 30]. The number of metastases from prostate cancer is considered an independent prognostic factor affecting the 5-year cancer-speci�c
survival rate, of which characteristic is same as other malignancies previously mentioned. The 5-year cancer-speci�c survival rate for patients with one
metastasis is 90%, compared to 32% for those with two or more. [31]. Surgical resection, especially for solitary pulmonary lesions, is associated with favorable
outcomes in prostate cancer patients.

Conclusions
Isolated solitary lung metastasis from prostate cancer is relatively rare due to a long latency period. In terms of cancer treatment, surgical resection is
associated with increased diagnostic accuracy and long-term survival.
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Figures

Figure 1

Preoperative imaging. a. Computed tomography showed a small nodule with spiculation and pleural indentation 1.5 cm in dimeter located in left upper lobe. b.
18-�uoro-2-deoxyglucose positron emission tomography revealed high accumulation in the nodule strongly suggesting a malignant tumor (standard uptake
value max: 3.6).

Figure 2

Pathological �ndings. a. The histological diagnosis was adenocarcinoma, in which the epithelia had oval nuclei and small nucleoli accompanied by weakly
acidic cubic unclear cytoplasm proliferating into irregular glandular tubes. Hematoxylin and eosin stain: bar = 200 μm b. Immunohistochemical staining of
prostate-speci�c antigen revealed adenocarcinoma derived from prostate cancer. bar = 200 μm


