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Abstract
Objectives  Cancer metastasis to the kidney is a rare event. We retrospectively analyzed clinicopathologic 
characteristics in 6 cases of diagnosed renal metastases from primary lung cancer. We also provide clinical follow-up 
data and brief review of the literature.

Methods  Immunohistochemistry was used to evaluate the expression of TTF-1, NapsinA, CK7, CK(AE1/AE3), P63, 
P40, CgA, PAX-8, GATA3 and Ki-67 in primary tumor and metastases. Additionally, the clinical characteristics, imaging 
features, diagnosis, and treatment were analyzed.

Results  With the help of immunohistochemistry and combined clinical history, we found four cases were lung 
adenocarcinomas, one case was lung squamous cell carcinoma, and the other case was lung small cell carcinoma 
metastases to the kidney.The patients were all male by gender and had a mean age of 62 years, and metastasis to 
the left kidney were more universal. Most of the tumors histological grade originating from the lung were poorly-
moderately differentiated, and the time to metastasis to the kidney was relatively short for squamous lung cancer 
and small cell lung cancer, while the time to metastasis for lung adenocarcinoma was related to its degree of 
differentiation. Overall, we found the prognosis of lung cancer patients with renal metastases were poor especially 
with multi-site metastases.

Conclusions  Distinguishing primary and secondary tumors of the kidney is essential to guide treatment and 
prevent unnecessary surgery, so clinical information, radiology, histological correlation of the primary tumor, and 
immunohistochemical findings help the pathologist determine correct diagnosis.
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Introduction
The kidney was considered to be an organ where tumours 
rarely metastasized.Through autopsy, the kidney was 
found which was only the 12th most common organ 
involved with metastatic disease,with an incidence of 
12.6% [1]. Renal metastases are rare, however, the most 
primary focus is the lung according to the literature [2]. 
Most studies on renal metastases from lung were case 
reports, and the clinical and pathological features of 
lung cancer metastases to the kidneys were not further 
investigated.

Lung cancers are traditionally classified as small cell 
(SCLC) or non-small cell (NSCLC), SCLCs are malig-
nant tumors that account for approximately 15% of lung 
cancers, then NSCLCs account for about 85% of all lung 
cancers and include any type of lung cancer other than 
SCLCs [3, 4]. The leading cause of deaths in lung cancer 
has been attributed to metastatic involvement of distant 
organs. The common sites for lung cancer metastases 
include the bone, brain, liver, and adrenal glands, while 
isolated kidney involvement by primary lung cancer is 
a rare entity [5]. Prior studies have demonstrated that 
based on the histological subtype, sites of tumor metas-
tasis may vary [6].

In this study, we analyzed 6 cases of metastases to the 
kidney from different histological subtype of primary 
lung cancer including lung adenocarcinoma, lung squa-
mous cell carcinoma and lung small cell carcinoma at the 
Second Affiliated Hospital of Zhejiang University School 
of Medicine, and tried to describe their clinical features, 
clinicopathological features, treatment, and prognosis.

Materials and methods
Case selection
We found seven cases of metastases to the kidney from 
primary lung cancer between January 2010 to January 
2022 in the archives of our department of pathology, and 
one case was excluded due to incomplete clinical infor-
mation.The inclusion criteria were as follows: malignant 
tumors other than kidney were pathologically confirmed, 
renal metastases were pathologically diagnosed following 
puncture biopsy or surgical resection, and the source of 
renal metastases was consistent with the primary lesion. 
Clinical data of the cases were collected, including demo-
graphic information, time of diagnosis of the primary 
lesion, time of onset of renal metastases (time of imag-
ing findings), symptoms, metastases from other sites, 
puncture pathology, and surgery. Biopsy or surgical spec-
imens were evaluated by the pathologist and immuno-
histochemical staining was performed to determine the 
diagnosis. Six of the included cases were followed up to 
document their survival. Overall survival (OS) of patients 
was defined as the time from the diagnosis of the pri-
mary lesion to the last follow-up visit or death.The TNM 

staging involved in this study refers to the 2017 TNM 
classification of malignant tumours, eight edition.

Immunohistochemistry
The tissues were fixed in formalin, dehydrated, and 
embedded in paraffin, after which 4-µm thin sections 
were cut. Immunohistochemical staining was performed 
using the En Vension method, with heating in a rice 
cooker to repair the antigen. We purchased commercially 
available antibodies for the following antigens: TTF-1, 
NapsinA, CK7, CK(AE1/AE3), P63, P40,CgA,Syn,PAX-
8,GATA3 and Ki-67(Beijing Zhongshan Jinqiao Biotech-
nology Co., Ltd).

Results
Clinical features of patients
All 6 patients were male by gender, with an average age 
of 62 years, including 3 cases of ipsilateral renal metas-
tases and 3 cases of contralateral renal metastases, with 
more metastases in the left kidney (n = 4) (Table 1). Case 
3 showed that the left lung cancer with metastasis to the 
left kidney (Fig.  1a,b), and cases 4 with cases 5 showed 
that the right lung cancer with metastasis to the left kid-
ney (Figs. 2a and b and 3a and b). In general, the average 
size of the tumor was 3.9 cm. Due to the different histo-
logical types of lung tumors, the time to metastasis var-
ied widely, with a mean time to metastasis of 15 months 
and only 2 cases presented with clinical symptoms of 
back pain and hematuria. There were 4 cases of isolated 
metastasis of lung cancer to the kidney, and only 2 cases 
metastasized to other sites, and all of them metastasized 
to the brain (Table  1) .Three of the patients underwent 
nephrectomy, one with laparoscopic radical nephrec-
tomy and two with laparoscopic partial nephrectomy in 
our manuscript. They were not found to have metastases 
elsewhere before undergoing nephrectomy, and the rea-
sons for surgery in each of the three patients were thera-
peutic purpose, suspected primary tumor of kidney and 
poor kidney function.

Pathologic and immunophenotypic features
Of the 6 cases we collected, 4 were adenocarcinomas of 
the lung, 1 was a squamous cell carcinoma of the lung, 
and the other was a small cell carcinoma of the lung, 
as immunohistochemistry was able to help us demon-
strate, and immunohistochemical staining of the meta-
static lesion and the primary lung lesion were consistent 
(Table  2). We found that most of the cases of kidney 
metastasis from lung cancer had poorly differentiated 
tumors originating from the lung, and only two cases 
were moderately differentiated, specifically half of the 
cases had lymph node metastasis. Because some cases 
were biopsy specimens, the metastases of vasular inva-
sion and lymph nodes metastasis cannot be described 
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in detail (Table 2). The histological differentiation of the 
tumors did not change significantly after they metasta-
sized to the kidney. Interestingly, our evaluation revealed 
that the Ki67 of the primary tumor cells was higher than 
that of the metastatic tumors, suggesting a decreased 
proliferative capacity of the tumor cells after metas-
tasis, which may be related to the patient’s treatment 
(Table  2). In lung and kidney biopsy specimens of case 
3, the histological morphology of the cells showed the 
typical features of small cell carcinoma. Loosely adher-
ent hyperchromatic cells with high nuclear/cytoplasmic 
(N:C) ratio, sparse cytoplasm, nuclear formation, and 
extrusion artifacts (Fig.  1c,d). Although primary small 
cell carcinoma of the kidney has been reported [7], pre-
existing small cell carcinoma of the lung suggests a 
metastatic process rather than a new primary small cell 
carcinoma. Wilm’s tumor must be considered in the dif-
ferential diagnosis, especially in younger patients [8], but 
this tumor is characterized by very small primitive epi-
thelial cells arranged in rosettes or tubules (blastocysts) 
and a fibrous/myxoid stroma, which in our csae no fea-
tures were seen. Histochemistry showed TTF-1 was 
positive, CgA was paranuclear punctate positive, and the 
urothelial marker GATA3 was negative (Fig. 1e-g), which 
well proved that the source of the kidney tumor in this 
case was lung small cell carcinoma. The cells grow in 
nests and clusters with obvious nuclear atypia (Fig. 2c,d). 
Histochemistry showed that P40 and P63 were strongly 
positive, and the urothelial marker GATA3 was almost 
negative (Fig.  2e-g), all of the above indicated that was 
squamous cell carcinoma. We could see that the tumor 
cells were arranged in adenoids, and the morphology 
was similar to tumor cells primary in the lung (Fig. 3c,d). 
Poorly differentiated adenocarcinoma needs to be differ-
entiated from primary sarcomatoid renal cell carcinoma 
or primary high-grade transitional cell carcinoma (TCC), 
but spindle cell components were not seen in this case 
and tumor cells lack the firmness typical of TCC glassy 
cytoplasm. In particular, histochemistry showed posi-
tive for NapsinA and TTF-1, and negative for renal ori-
gin marker PAX-8 (Fig.  3e-g) which proved it was lung 
adenocarcinoma metastases to the kidney.

Treatment and follow-up
Of the six cases we studied, since case 1 was transferred 
from another hospital, both lung and kidney tumors were 
found at the time of presentation at our hospital, and a 
kidney biopsy clarified the metastasis of lung cancer, so 
he was initially staged for IVA and then underwent lapa-
roscopic radical nephrectomy. Brain metastases devel-
oped 12 months after the discovery of renal metastases 
and died 14 months after the discovery of renal metas-
tases. Case 2 started a right lung lobectomy with a 
pathological stage of pT1cN1M0 (IIB) ,and underwent Ta
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Fig. 3  Renal Metastasis from Primary Lung Adenocarcinoma from Case 5
(a) CT scan showing the right lobe nodule; (b) CT scan showing the isolated left kidney metastasis; (c) The tumor cells were from lung (H&E, ×200). (d) 
The tumor cells were from kidney (H&E, ×200). Immunohistochemical studies revealed that the tumor cells were positive for NapsinA(e, ×200) and TTF-1(f, 
×200), but PAX-8 was negative (g, ×200)

 

Fig. 2  Renal Metastasis from Primary Lung Squamous Cell Carcinoma from Case 4
(a) CT scan showing the right lobe nodule. (b) CT scan showing the isolated left kidney metastasis. (c) The tumor cells were from lung (H&E, ×200). (d) The 
tumor cells were from kidney (H&E, ×200). Immunohistochemical studies revealed that the tumor cells were positive for P40(e, ×200) and P63(f, ×200), 
but GATA3 was negative (g, ×200)

 

Fig. 1  Renal Metastasis from Primary Lung Small Cell Carcinoma from Case 3
(a) Computed tomography (CT) scan showing the left lobe nodule. (b) CT scan showing the isolated left kidney metastasis. (c) The tumor cells were from 
lung (H&E, ×200). (d)The tumor cells were from kidney (H&E, ×200). Immunohistochemical studies revealed that the tumor cells were positive for TTF-1 (e, 
×200) and CgA(f, ×200), but GATA3 was negative (g, ×200)
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laparoscopic partial nephrectomy then receiving che-
motherapy and is currently being followed up. Case 3 
with initial tage of IIIB received radiotherapy and che-
motherapy, developed brain metastases 5 months after 
the discovery of renal metastases, and died 15 months 
after the discovery of renal metastases. Case 4 with ini-
tial tage of IIB received a combination of chemotherapy 
and immunotherapy and died 7 months after the discov-
ery of renal metastases. Case 5 with initial tage of IIIA 
received chemotherapy and immunotherapy and is cur-
rently being followed up. Case 6 received a right lung 
lobectomy with a pathological stage of pT1cN0M0 (IA3) 
at first and underwent laparoscopic partial nephrectomy 
then receiving chemotherapy and immunotherapyand is 
currently being followed up. Case 1 with radical nephrec-
tomy but developed brain metastases later and dead of 
disease whose survival term was 14 months. Case 2 and 
case 6 received partial nephrectomy without metasta-
sis at other sites, and their survival term were 55 and 16 
months, who are still being followed up. In our limited 
data, we found that the mean OS was longer in patients 
who received nephrectomy for single metastasis com-
pared with those who did not undergo surgery. As a 
whole, the prognosis of lung cancer patients with renal 
metastases is very poor in terms of prognosis, and the 
prognosis is even worse in cases presenting with multiple 
sites of metastases.

Discussion
We retrospectively reviewed 1555 cases of malignant 
tumors occurring in the kidney including 9 cases of met-
astatic tumors between January 2010 to January 2022 in 
the archives of our department of pathology. Regarding 
the source of the primary tumor, the most common was 
lung cancer (0.38%), followed by liver cancer(0.12%), and 
osteosarcoma (0.064%). Lung cancer can metastasize to 
any organ, major sites of metastases include brain, bone, 
and adrenal glands, other organs are involved usually in 
late stage of the disease. Among different lung cancer 
types, there are also preferential metastatic sites, such 
as liver metastases from small cell lung cancer (SCLC) 
and brain metastases from SCLC or adenocarcinoma [9]. 
Cases of metastases to the kidney are relatively rare, and 
are mainly reported in single cases [5]. In current study 
about renal metastatic cancer, the lung is the most com-
mon source of metastases, followed by colorectal, gastric 
and breast malignancies, and most patients do not have 
specific urologic symptoms [10]. Interestingly, more than 
two-thirds of patients develop isolated renal metastases, 
but most eventually develop metastases in other organs 
[11, 12]. Considering that the kidney is a highly vascular-
ized organ, metastatic infiltration is likely due to arterial 
embolization [13].
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Distinguishing between primary and secondary tumors 
of the kidney is essential to guide treatment and prevent 
unnecessary surgery. However, the clinical presentation 
of patients with renal metastatic carcinoma may be simi-
lar to that of renal cell carcinoma, presenting as a single 
mass with hematuria. Therefore, the initial diagnosis 
of renal metastases usually comes from routine imag-
ing, but the final diagnosis needs to rely on pathological 
diagnosis [2]. Aspiration biopsy is often used to diagnose 
renal metastases before surgery [14]and in half of the six 
cases in this study also used. Because of the low degree 
of differentiation of tumor cells in the primary foci of 
lung cancer metastasizing to the kidney and the relatively 
small and atypical morphology of the tissue in the biopsy 
specimens, they easily overlap with primary renal tumors 
such as renal cell carcinoma and uremic syndrome. 
Therefore, it is necessary to take a detailed medical his-
tory and make full use of immunohistochemical tech-
niques to help us make a differential diagnosis, which is 
very important for clinical treatment. Therefore, clinical 
data, radiological data, histological correlation of the pri-
mary tumor and immunohistochemical findings help to 
determine the correct pathological diagnosis [15].

In these six cases, the patients were all male and the 
mean age was 62 years, which is consistent with other 
reports in the literature [16]. In our study, Case 1 with 
a poorly differentiated adenocarcinoma of the lung, 
received radiotherapy and chemotherapy, and underwent 
radical nephrectomy. Later, he developed brain metas-
tases and dead of disease. Case 2 with moderately dif-
ferentiated adenocarcinoma of the lung received partial 
nephrectomy, and only chemotherapy was performed, 
but the follow-up is still underway. Case 3 with lung 
small cell carcinoma had the shortest time to metasta-
size to the kidney. After receiving radiotherapy and che-
motherapy, then brain metastases occurred, and dead 
of disease. Case 4 with poorly differentiated squamous 
cell carcinoma of the lung received radiotherapy and 
immunotherapy without surgery, and finally dead of dis-
ease. Case 5 and Case 6 were both with moderately dif-
ferentiated adenocarcinomas of the lung, of which case 
6 underwent partial nephrectomy, both received radio-
therapy and immunotherapy, and are currently being 
followed up. From the clinicopathological results, we 
found that the degree of differentiation of tumor cells 
after metastasis from lung cancer to the kidney did not 
change significantly, which may be because the degree of 
differentiation of the primary tumor was mainly low dif-
ferentiation, but the Ki67 of tumor cells decreased after 
metastasis, suggesting that the proliferation activity of 
tumor decreased, which may be related to clinical treat-
ment. Four of these cases were lung adenocarcinomas, 
which is consistent with the incidence of different his-
tological types of lung cancer that adenocarcinomas are 

more common than other types. From the clinical data 
about metastases to the kidney from primary lung can-
cer, the clinical symptoms of the six patients were not 
obvious, and only two patients had hematuria, mainly 
due to imaging findings. Lung squamous cell carcinoma 
and lung small cell carcinoma metastasized to the kid-
ney in a relatively short time, while the metastatic time 
of lung adenocarcinoma was related to its degree of dif-
ferentiation. The worse the differentiation, the faster the 
metastasis. Three of the patients underwent nephrec-
tomy, one with laparoscopic radical nephrectomy and 
two with laparoscopic partial nephrectomy. By review-
ing the medical history and consulting with the relevant 
clinicians, we found that all three patients did not have 
a definitive preoperative biopsy, and were found to have 
renal metastases after resection by pathological diagno-
sis. Notably, they had no metastases found at other sites 
prior to this, and the reasons for surgery in each of the 
three patients were therapeutic purpose, suspected pri-
mary tumor of kidney and poor kidney function.Whether 
surgical treatment of renal metastases can improve the 
prognosis of patients remains controversial now. For 
patients with solitary renal metastases and reported in 
the literature, nephrectomy can significantly prolong the 
survival time of patients [2], and we found that the mean 
OS was longer in patients who received nephrectomy 
for single metastasis compared with those who did not 
undergo surgery in our limited data.

The current primary goal of systemic therapy in 
patients with metastatic NSCLC is to reduce the symp-
tom burden of the cancer and improve survival while 
aiming to improve quality of life [9]. Platinum-based 
combination chemotherapy regimens (e.g., carboplatin 
and paclitaxel or carboplatin and pemetrexed) have been 
shown to improve survival compared with single-agent 
chemotherapy, and in some patients, surgery, radiation, 
or both may be required to treat symptoms [17]. Nota-
bly, immunotherapy is one of the major advances in the 
treatment of advanced tumors in recent years, and non-
small cell lung cancer (NSCLC) is one of the cancers 
that benefits the most from this approach. Currently, the 
only validated companion diagnostic test for first-line 
immunotherapy in patients with metastatic NSCLC is 
the expression of programmed death ligand 1 (PD-L1) in 
tumor tissue [18]. Small cell lung cancer (SCLC) has dif-
ferent pathological, clinical and molecular features from 
non-small cell lung cancer. SCLC has a high metastatic 
potential, resulting in poor clinical prognosis. Concur-
rent chemoradiotherapy is currently the standard treat-
ment for SCLC, and the Food and Drug Administration 
has also accelerated approval of nivolumab for the third-
line treatment of metastatic SCLC [3]. All patients in 
this study received chemotherapy, some patients chose 
to combine radiotherapy and chemotherapy, and some 
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patients received immunotherapy combined with chemo-
therapy, which may be related to the high expression of 
PD-L1. It has been reported in the literature that stereo-
tactic body radiation therapy is well tolerated and safe for 
metastatic renal cancer, and it can provide good symp-
tom relief and early local control [19].

In this study, we showed six cases of lung cancer metas-
tasis to the kidney from different tissue subtypes, and 
described and analyzed their clinical features, pathologi-
cal features, treatment methods and prognosis, in order 
to provide help for the pathological diagnosis and clini-
cal treatment of lung cancer with renal metastasis in the 
future.
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