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Background: Miliary pulmonary metastasis characterized by tiny nodules is a rare meta
static pattern in advanced non-small cell lung cancer (NSCLC) and is usually seen in patients 
harboring an EGFR mutation, and amylase-producing lung cancer is highly uncommon and 
rarely reported in NSCLC patients who have an EGFR mutation.
Case: A 32-year-old Japanese female was found to have miliary pulmonary nodules 
throughout both lung fields on a chest x-ray examination during an annual health check- 
up. Further examination by computed tomography (CT) revealed diffuse, bilateral, mili
ary nodules. Blood tests showed no increased tumor marker levels, but there was 
a significantly increased serum amylase level. A diagnosis of ALK-rearranged adenocar
cinoma was made based on the results of a mediastinal lymph node biopsy obtained by 
endobronchial ultrasound-guided transbronchial needle aspiration (EBUS-TBNA). 
Treatment with alectinib resulted in rapid regression of the CT shadows and 
a reduction in the patient’s serum amylase level.
Conclusion: We have reported a case of ALK-rearranged NSCLC with a miliary pulmonary 
metastasis pattern that was sensitive to alectinib and in which the serum amylase level 
decreased in response to treatment with alectinib. Young patients with miliary pulmonary 
metastasis should be checked for all driver mutations.
Keywords: alectinib, ALK rearrangement, non-small-cell lung cancer, miliary pulmonary 
metastasis

Introduction
Lung cancer is the leading cause of cancer-related deaths worldwide. Anaplastic 
lymphoma kinase (ALK) gene rearrangement is one of the major genetic alterations 
in non-small cell lung cancer (NSCLC) characterized by the young, never- or 
previous light smokers. Patients with ALK rearrangement account for 8% of all 
NSCLC patients, following Kirsten rat sarcoma viral oncogene homolog (K-ras) 
and epidermal growth factor receptor (EGFR) mutations.1 Treatment with ALK 
tyrosine kinase inhibitors (TKIs) has dramatically improved the survival of ALK- 
rearranged-NSCLC patients.2

Miliary pulmonary metastasis by NSCLC, which occurs as a result of hemato
genous dissemination, is known to be more common in patients harboring an EGFR 
mutation.3 However, no cases of miliary pulmonary metastasis in ALK-rearranged 
NSCLC had ever been reported.

Here we report the case of an ALK-rearranged-NSCLC patient with miliary 
pulmonary metastasis in whom a significant response was achieved by treatment 
with alectinib, a second-generation ALK TKI.
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Case Report
A 32-year-old female non-smoker was found to have 
abnormal lung shadows on a chest x-ray during an annual 
check-up. A computed tomography (CT) scan at the pre
vious hospital showed a small cavitary nodule in the left 
upper lobe and diffuse tiny nodules throughout both lungs. 
The serum tuberculosis-specific IFN-γ test was negative, 
and tumor marker levels were not elevated. Transbronchial 
lung biopsy specimens obtained bronchoscopically 
showed suspected miliary metastasis by a lung cancer.

The patient had a slight cough and no history of respira
tory disease, and her Eastern Cooperative Group 
Performances Status (ECOG-PS) was 0. Blood examinations 
demonstrated none of the significantly increased tumor mar
kers levels (CEA 1.6 ng/mL, CYFRA 0.6 ng/mL, Pro GRP 
54.5 pg/mL), but her serum amylase levels were elevated 
(total amylase 584 IU/L, pancreatic amylase 76 IU/L).

A chest X-ray showed bilateral diffuse shadows at our 
hospital (Figure 1A). A CT scan revealed a 19 mm cavitary 
nodule in the left upper lobe and multiple small nodules with 
a random distribution throughout both lung fields, swollen 

mediastinal lymph nodes, and spinal metastasis (L4 and L5) 
(Figure 1B). No CT findings were detected in the salivary 
glands or pancreas. Magnetic resonance imaging (MRI) of 
the brain revealed multiple skull metastases but no evidence 
of brain metastasis (cT4aN2M1c, Stage IV). She underwent 
both transbronchial lung biopsy (TBLB) from the left upper 
lung and endobronchial ultrasound-guided trans-bronchial 
needle aspiration (EBUS TBNA) from the mediastinal 
lymph nodes. Hematoxylin and eosin (HE) staining revealed 
adenocarcinoma cells in the EBUS TBNA specimens 
(Figure 2A). In addition, ALK protein was confirmed to be 
positive by D5F3 ALK immunohistochemistry assay 
(Roche, Arizona, USA) of the TBLB samples (Figure 2A 
and C). The OncomineTM Dx Target test (Thermo Fisher 
Scientific Inc., Waltham, MA, USA) showed no EGFR, 
ROS1 rearrangement, KRAS, BRAF, or other NSCLC driver 
mutations. The PD-L1 tumor proportion score (TPS of 10%) 
was a low expression.

The patient was treated with alectinib (300 mg daily), 
and a CT scan after three months of the treatment showed 
a marked improvement in the miliary pulmonary 
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Figure 1 Chest X-ray and CT findings. (A) Chest X-ray at the first visit to our hospital revealed bilateral diffuse shadows and a small cavity in the left lung. (B) CT at the 
time of EBUS-TBNA showed small, discrete, rounded pulmonary nodules of uniform size diffusely distributed throughout both lung fields. A suspected cavitary primary 
lesion was identified in the left upper lobe. (C) Three months after the start of treatment with alectinib, the miliary metastasis shadows had decreased considerably.
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metastasis in both lungs, and the patient’s total serum 
amylase level had decreased (Figure 1C). A Grade 2 skin 
rash according to the Common Terminology Criteria for 
Adverse Events (CTCAE) version 5.0 appeared, but it 
rapidly responded to treatment with an antihistaminic 
agent. No severe adverse drug reactions have occurred at 
any time during treatment.

Discussion
We have reported a case of miliary pulmonary metastasis 
in a patient with ALK-rearranged NSCLC. Miliary pul
monary metastasis is defined as diffuse, random distribu
tion of metastatic nodules throughout both lung fields. 
The metastatic lesions are profuse, tiny, discrete, 
rounded pulmonary nodules that measure less than 
3 mm in their most significant dimension.4 Miliary pul
monary metastases harboring EGFR-mutation-positive 
NSCLC cells have frequently observed comparing to 
NSCLC without actionable driver mutations,3 and the 
metastases harboring ALK-rearranged NSCLC has not 
been reported until now. To our knowledge, there have 
been two case reports of miliary pulmonary metastasis in 
a patient with ALK-rearranged adenocarcinoma. 
However, the CT scan findings in those two cases did 
not meet the nodule size requirement in the above defi
nition of miliary pulmonary metastasis.5,6

EGFR mutations and ALK rearrangements are two 
major driver mutations/alterations in NSCLC patients. 
Presentation with a miliary metastasis pattern has been 
associated with harboring an EGFR mutation, especially 
an exon 19 in-frame deletion.7 Patients with advanced 
NSCLC harboring an EGFR mutation who present with 
miliary pulmonary metastasis have had a substantially 
poorer outcome than patients with advanced NSCLC with
out miliary pulmonary metastasis.7,8

It has been hypothesized that there is a relationship 
between miliary pulmonary metastasis and bone 
metastasis.9 They assumed that firstly a primary lung can
cer metastasizes to bone via the hematogenous route, 
secondly miliary metastasis arises from multiple tumor 
emboli from secondary bone metastasis foci. The detection 
of multiple bone metastases in our patient at the time of 
the initial diagnosis is consistent with this hypothesis.

Mycobacterium tuberculosis disseminates throughout the 
lungs via the blood. The attenuated immune system quickly 
leads to miliary tuberculosis and makes tiny granulomas in 
immunocompromised patients.10 The same as in tuberculosis, 
the downregulation of cellular immunity in patients with pro
gressive lung cancer may increase susceptibility to miliary 
metastasis. Recently, cell-mediated immunity of lung cancer 
patients has been assessed by examining tumor-infiltrating 
lymphocytes (TILs) and PD-L1 expression by immunohistos
taining. Since PD-L1 expression is correlated with the number 
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Figure 2 Pathological findings of biopsies obtained from the mediastinal lymph node and left upper lobe of the lung. (A) Cancer cells forming solid nests and acinar structure 
were observed in EBUS-TBNA specimens of the mediastinal lymph node. (B) Adenocarcinoma cells forming an ambiguous acinar structure were found in TBLB specimen of 
the cavity in the left upper lobe of the lung. (C) ALK protein was diffusely positive in the cytoplasm of the adenocarcinoma cells in the TBLB specimens.
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of TILs,11 the low tumor proportion score (TPS) in our case 
suggests that the patient’s T-cell immunity might have been 
severely attenuated. Meanwhile, it is well-known that cancer 
lymphangiopathy showed miliary nodules throughout the lung 
fields. The presence of multiple lymph node metastases in our 
patient might completely rule out the possibility of cancer 
lymphangiopathy, even though no lymphatic vessel invasion 
by cancer cells was detected in the histological samples.

A diagnosis of amylase-producing lung cancer was also 
considered in our patient because of the fluctuations in serum 
amylase levels that accompanied her disease progression and 
regression. Amylase-producing lung tumors were first 
reported in 1951,12 and they are pathologically characterized 
by adenocarcinoma and the secretion of salivary-type amy
lase. Previous reports indicated that the increase in serum 
CEA was not observed in amylase-producing lung 
adenocarcinoma13 at the point of diagnosis. Interestingly, 
the CEA levels gradually increased in spite of treatment, 
whereas the amylase levels decreased. In addition to our 
patient’s normal CEA levels, the significant decrease in amy
lase when the tumor burden decreased after alectinib treat
ment, our case has a strong possibility of amylase-producing 
lung cancer. Our previous study in regard to miliary pulmon
ary metastasis in NSCLC patients with EGFR mutations 
found no increases in serum amylase levels, thereby indicat
ing that amylase-producing tumors are exceptionally rare 
among patients with NSCLC harboring an EGFR mutation. 
To our knowledge, two case reports on amylase-producing 
tumors harboring an EGFR-mutations.13,14 Interestingly, 
amylase secretion by rat pancreatic cells is thought to be 
regulated by EGFR downstream signaling.15 The relationship 
between ALK-rearranged NSCLC and amylase-producing 
lung adenocarcinoma remains unclear. However, ALK con
stitutive activity may lead to amylase expression under cer
tain conditions because the same signal transduction pathway 
includes both EGFR and ALK.

CT imaging of miliary pulmonary metastasis nodules is 
known as the typical shadows not in cancer metastasis but 
in tuberculosis. In addition, because of our patient’s char
acteristics including being a young female non-smoker and 
having normal serum tumor marker levels, we cannot 
promptly diagnose with lung cancer.

NSCLC patients with ALK rearrangement, particularly 
female patients, tend to be younger than NSCLC patients 
with an EGFR mutation. Thus, the possibility of cancer 
metastasis should always be considered in the differential 
diagnosis of miliary pulmonary nodules and careful eva
luation for ALK rearrangement as well as EGFR mutations 

should be performed, even if the patient is a young, female 
non-smoker with normal tumor marker levels.

In conclusion, we encountered a rare case of miliary pul
monary metastasis in a patient with ALK-rearranged NSCLC, 
and the patient responded dramatically to treatment with 
alectinib.
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