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Abstract: Lymphangioleiomyomatosis (LAM) is a rare disease affecting young women, which 
occurs sporadically or in patients with tuberous sclerosis complex (TSC). The main manifestations 
of TSC in the kidney include cysts and angiomyolipoma (AML). Although renal cell carcinoma 
(RCC) is not a manifestation of TSC, it has a 2–4% incidence in TSC patients. Furthermore, LAM is 
rare in patients with RCC. Herein, we present a case of a 40-year-old woman with LAM and RCC in 
the right kidney. We checked for mutations in the TSC1 and TSC2 genes from both blood and kidney 
lesions and found a heterozygous mutation of c.1717–30G> A in intron 16 of TSC2 gene. In TSC 
patients, the diagnosis of RCC is challenging because the cancer is rare, and it is often difficult to 
distinguish it from AML with conventional imaging techniques. Therefore, it is recommended that 
patients with TSC undergo renal imaging follow-ups annually for kidney masses. 
Keywords: tuberous sclerosis complex, TSC, lymphangioleiomyomatosis, LAM, renal cell 
carcinoma, RCC, TSC1, TSC2

Introduction
Lymphangioleiomyomatosis (LAM) is a rare neoplastic disease affecting women 
and is associated with progressive cystic lung destruction, chylous pleural effusions 
and/or ascites, renal angiomyolipomas, and lymphangioleiomyomas.1 LAM occurs 
sporadically or in patients with tuberous sclerosis complex (TSC).2 The main 
manifestations of TSC in the kidney include cysts and angiomyolipoma (AML). 
Although renal cell carcinoma (RCC) is not a manifestation of TSC, its incidence in 
TSC patients is reported to be about 2–4%; furthermore, its appearance with LAM 
is rare.3 Therefore, herein we present a rare case of a TSC patient with LAM and 
RCC diagnosed by radio imaging, histology, and gene assay.

Case Presentation
A 40-year-old woman presented with a 1-year history of dry cough. She had 
a positive history of shortness of breath, particularly when climbing stairs. She 
did not have a history of seizures. She was diagnosed with angiomyolipoma (about 
4.9 cm x 2.3cm) in the left kidney 11 years ago, which was excised to prevent 
spontaneous rupture. She denied any history of smoking cigarettes. Her father died 
of lung cancer at age 65 years. Her mother was 64 years old and had no clinical 
features of TSC. She has had 2 parous experiences with no complications. Her son 
is 15 years old and her daughter is 11 years old; both have no TSC manifestations.
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She was clinically oriented with normal intelligence. 
No skin lesion was noted, and there was no pneu-
mothorax. Her vital signs were stable on admission and 
her oxygen saturation was 96% (FiO2, 21%). We per-
formed laboratory tests, including routine blood examina-
tion, liver and kidney functions, coagulation function, and 
routine urine tests; the results of all these tests were 
normal. Other findings included vascular endothelial 
growth factor-D (VEGF-D), 425 pg/mL; antinuclear anti-
bodies, 11000 (+); and negative anti-neutrophil cytoplas-
mic antibodies. Arterial blood gas analysis showed 
a partial pressure of oxygen of 86.5mmHg and a pCO2 

of 34.6mmHg. Her pulmonary function tests showed 
a forced vital capacity (FVC) of 2.61 L (88.2% of the 
predicted value), forced expiratory volume in 1 second 
(FEV1) of 1.55 L (61.1% of the predicted value), and 
FEV1/FVC ratio of 59.42%.

As shown in Figure 1A, chest high-resolution computed 
tomography (HRCT) showed numerous thin-walled cysts 
within the lungs and diffuse ground-glass lung opacities, 
consistent with the diagnosis of LAM. As shown in Figure 
1B, abdominal contrast-enhanced CT showed a lesion at the 
lower pole of the right kidney (1.7 cm x 1.8 cm), which is of 
a non-fatty component. The lesion was well-circumscribed, 
with abundant blood supply. Echocardiography, electroence-
phalography, brain magnetic resonance imaging, and 
ophthalmologic evaluation revealed no abnormal findings. 
The patient’s lung tissue was not biopsied.

Hematoxylin and eosin (H&E) staining and immuno-
histochemical staining were conducted after the surgical 
resection of the lesion in the right kidney. As shown in 
Figure 2A and B, H 

&E staining showed typical alveolar arrangement of 
cells. Figure C-F showed that the lesion was positive for 
CD10(+++), CA9(+++), Ki67(5%), and Vimentin(+++) 
and negative for CD117, CK7, TFE3, RCC, and P504s. 
H&E staining and immunohistochemical staining con-
firmed the lesion to be RCC rather than AML. We checked 
for mutations of TSC1 and TSC2 genes from both blood 
and kidney lesions and found a heterozygous mutation of 
c.1717–30G> A in intron 16 of the TSC2 gene (Figures 3 
and 4).

Although not showing any clinical manifestations from 
history and physical examination, the patient’s mother, son, 
and daughter showed the same mutation (Figure 4). We found 
this mutation to be related to TSC in the ClinVar databases.4

The patient was started on oral rapamycin 1 mg/d after 
the surgery, approximately 1 year ago. Two months ago, 

she underwent pulmonary function testing and her pul-
monary function had improved (FEV1, 67.3% of the pre-
dicted value; FEV1/FVC ratio, 66.31%). Currently, the 
patient no longer experiences shortness of breath and 
there has been no tumor recurrence.

We obtained written informed consent from the patient for 
the publication of this case report and the accompanying 
images.

Discussion
This report discusses a typical LAM case that is seen in 
women of childbearing age, presenting with multiple thin- 
walled cystoid changes in the lungs on chest HRCT 
images. A high serum level of VEGF-D (>800 pg/mL) is 
diagnostic of LAM. The patient’s serum level of VEGF-D 

Figure 1 Computed tomography (CT) imaging of the chest and kidney. 
Notes: (A) Chest CT imaging shows numerous thin-walled cysts within the lungs 
and diffuse ground-glass lung opacities; (B) The abdominal enhanced CT image 
shows a lesion at the lower pole of the right kidney (red arrow), which is a non- 
fatty in nature.
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level was 435 pg/mL. However, a normal VEGF-D level 
does not rule out the diagnosis of LAM.5 Concomitantly, 
a RCC was found in her right kidney, and she had a history 
of left renal AML surgery. According to the International 
Tuberous Sclerosis Complex Diagnostic Criteria, 
a combination of LAM and AML without other features 
does not meet the criteria for a definite diagnosis of TSC; 
however, this patient had a mutation in the TSC2 gene, 
which was identified as an independent diagnostic 
criterion.6 Furthermore, the patient’s mother, son, and 
daughter had the same mutation in the TSC2 gene, which 
confirms the diagnosis of TSC regardless of the clinical 
findings. Although the gene mutation was located in an 
intron, it was likely a pathogenic mutation according to 
previous case reports, which may cause TSC through 
alternative splicing.7,8 This is further supported by the 
finding that the patient’s RCC had the same mutation in 
the TSC2 gene. However, it remains unclear whether the 
gene mutation was related to renal cancer.

The woman had a history of AML, which is common in 
TSC patients. She did not have clinical symptoms of RCC, 
such as painless hematuria, and the CT scan, which showed 
a well-circumscribed lesion, was suggestive of AML. 
Considering the patient’s history, her clinical features, and 
the CT scan findings, the lesion in the right kidney was 
considered more likely to be non-fatty AML than RCC. 

The patient consented to having the lesion removed after 
counselling, and it was proven to be RCC based on HE and 
immunohistochemical findings. TSC with renal cancer is 
commoner than simple renal cancer in women with an earlier 
onset.9 In this patient, there were no significant abnormal 
clinical characteristics, except the isolated lesion found in the 
right kidney, which could easily be overlooked.

In TSC patients, the diagnosis of RCCs remains challen-
ging because they are uncommon and often difficult to dis-
tinguish them from non-fatty AML using conventional 
imaging techniques alone.10 Avila et al conducted multiple 
CT follow-ups of 33 patients with nonfatty renal masses in 
LAM patients and found that 4 patients showed masses that 
continued to grow for four years (>0.5 cm/y) and were later 
confirmed to be RCC.11 In the remaining 29 renal tumors, the 
diameter did not increase significantly (<0.5 cm/y). On 
biopsy, nine of them were found to be nonfatty AML after 
the biopsy. Therefore, patients with TSC are recommended to 
undergo renal imaging follow-ups annually for nonfatty kid-
ney masses. If there is a trend of continuous growth or 
a significant increase in the size of the mass during the 
follow-up period, it is recommended that a biopsy should 
be performed to distinguish between RCC and AML.

Rapamycin has been proven to be an effective therapy 
for TSC patients. Our patient presented to the hospital with 
dry cough; after one year of rapamycin therapy, she no 

Figure 2 Histopathologic analysis. 
Notes: H&E and immunohistochemical staining of TSC-RCC (Fuhrman: CIN II). (A) H&E 100×; (B) H&E 400×; (C) CD10(+++) 100×; (D) CA9(+++) 100×; (E) Ki67(5%) 
100×; (F) Vimentin(+++) 100×. H&E staining and immunohistochemical staining confirmed the lesion to be RCC rather than an AML.
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longer had shortness of breath and her pulmonary function 
had improved. Based on the present case, we speculate 
that rapamycin may be beneficial to TSC patients with 
RCC and LAM.

The comorbidity of RCC and LAM in patients with 
TSC is rare, and the diagnosis of RCC in TSC is thus 
challenging. We presented the case of a woman with this 
rare combination, which was diagnosed by relevant family 

Figure 3 Sequence chromatograms of the TSC2 gene. 
Notes: A same heterozygous TSC2 mutation c.1717–30G>A (red arrow) is identified in the patient, her mother, son, and daughter. Although the gene mutation was located 
in an intron, this gene mutation is likely a pathogenic mutation according to previous case reports.
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history, imaging, histological investigations and gene 
assay. She underwent surgery and did well on post- 
operative rapamycin therapy as evidenced by regular pul-
monary function testing.
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