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Low-dose radiotherapy combined with immunotherapy for
suboral adenoid cystic carcinoma with bilateral lung metastasis:
A case report and literature review
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Abstract. Adenoid cystic carcinoma (ACC) is a type of malig-
nant tumor arising from the salivary glands. The tumor is
characterized by a predilection for recurrence and metastasis.
At present, there is no effective treatment for ACC compli-
cated with lung metastasis. The present study reported on a
case of suboral ACC with bilateral lung metastasis and the
clinical features and treatment options were discussed based
on a literature review. A 55-year-old female presented with
suboral ACC accompanied with bilateral lung metastases. The
main symptoms were masses in the right mandible and short-
ness of breath. Low-dose radiotherapy (LDRT) combined with
immunotherapy were administered to control lung metastases.
The patient is currently in a stable condition and is receiving
immunotherapy. LDRT combined with immunotherapy is a
feasible treatment option for such patients. Our experience
with this case and the information from the literature review
provide insight into the therapeutic approach for this relatively
rare entity.

Introduction

Adenoid cystic carcinoma (ACC) is a relatively rare low-grade
malignant tumor type, which accounts for ~1% of all head and
neck tumors and 10% of all malignant tumors of salivary gland
origin (1). At present, surgery and postoperative radiotherapy
are the standard treatment modalities for localized ACC;
however, the optimal treatment for ACC with lung metastasis
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has remained to be established (2). Use of low-dose
radiotherapy (LDRT) combined with immunotherapy is
being gradually used in clinical settings (3,4). The present
study reported on a case of suboral ACC with lung metastasis
who was treated at our hospital. The pertinent literature
on the mechanism and the advantages of LDRT combined
with immunotherapy in patients with pulmonary metastases
was also reviewed. The patient diagnosis and treatment are
outlined in a timeline presented in Fig. 1. The present case
may provide insight regarding the treatment of ACC with
bilateral lung metastasis.

Case study

Case presentation. A 55-year-old female presented to the
Department of Oncology, West China Hospital, Sichuan
University (Nanchong, China) due to a painful right mandib-
ular mass in May 2012. There was no history of chronic
disease or family history of adenoid cystic carcinoma. Physical
examination revealed a right mandibular mass with no signs of
inflammation. The mass had a hard texture and its boundary
was poorly demarcated from the surrounding tissues. The
mass measured ~3x3 cm. In addition, a prominent 2-cm right
cervical lymph node was noted.

Diagnostic assessment. The patient did not undergo magnetic
resonance imaging (MRI) due to financial constraints.
Contrast-enhanced computed tomography (CT) revealed a
mass in the floor of the right mouth, denervation atrophy of the
right submandibular gland and signs of lymph node involve-
ment. Biopsy of the mass indicated adenoid cystic carcinoma
(ACC) of the floor of the right side of the mouth.

Therapeutic intervention. Enlarged resection of the mass plus
box-like resection of the right side of mandible plus dissection
of the right neck lymph node was performed. Histopathological
examination of the surgical specimen confirmed the diag-
nosis (Fig. 2). The patient had indications for post-operative
radiotherapy. However, the patient refused radiotherapy due
to various reasons, such as financial constraints, and was only
willing to accept chemotherapy. Post-operatively, the patient
was administered chemotherapy with four cycles of oxaliplatin
150 mg plus pingyangmycin 8 mg. Subsequently, the patient
underwent regular chemotherapy and follow-up evaluation.



2 LI et al: LDRT COMBINED WITH IMMUNOTHERAPY

Treatment Auxiliary examination

3d

——— Neck CT and biopsy

67m o )
— | Recurrence with bilateral lung metastasis
75m

—1 SD

84m

—— SD

89m

—1 SD

93m b

Figure 1. Timeline of patient diagnosis and treatment. Mo, month; SD, stable disease.

Figure 2. Histopathological examination of surgical specimen. (A) The tumor cells are cribriform and associated with interstitial fibrosis (H&E stain, x4
objective); (B) tumor cells have infiltrated the surrounding skeletal muscle tissue (H&E stain, x4 objective); (C) the tumor cells are cribriform and have invaded
the nerve (H&E stain, x4 objective); (D) the nuclei of tumor cells are small and consistent; interstitial mucus is obvious (H&E stain, x10 objective).
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Figure 3. Recurrence of tumor on the tongue, which significantly shrank after radiotherapy. (A) Prior to radiotherapy (March 2020). (B) Target area of tongue
radiotherapy (March 2020). Red line: Gross tumor volume of tongue; blue line: OAR of mandible; green line: OAR of cord; pink line: Cord expanding
0.5 cm outwards. (C) nine months after radiotherapy (February 2021); (D) 12 months after radiotherapy (May 2021). (E) 17 months after radiotherapy
(September 2021). (F) 22 months after radiotherapy (February 2022). OAR, organ at risk.

Figure 4. CT (axial view) indicated bilateral lung metastasis and tumor size reduction after low-dose radiotherapy. (A) Prior to radiotherapy (August 2020).
(B) Target area of low-dose radiotherapy of the lung (September 2020), Red line, GTV of lung; blue line, CTV (GTV expanding 0.5 cm outwards); green
line, planning target volume (CTV expanding 1.5 cm outwards). (C) two months after radiotherapy (December 2020). (D) four months after radiotherapy
(February 2021). (E) seven months after radiotherapy (May 2021). (F) 16 months after radiotherapy (February 2022). GTV, gross tumor volume; CTV, clinical

target volume.

In October 2018, the patient was re-admitted to the
oncology department of our hospital due to shortness of breath
and dyspnea. Tongue MRI indicated a mass of ~5.3x4.7x4.6 cm
on the right side of the bottom of the mouth. Chest CT revealed
multiple diffuse soft tissue nodules in both lungs. Considering
tumor recurrence with bilateral lung metastasis, four cycles
of PF (nedaplatin 40 mg D1-3 plus fluorouracil 400 mg D1-4)
chemotherapy were administered at our department. On
repeat tongue MRI and chest CT performed in June 2019,
the primary lesions and the metastatic lesions in both lungs

were slightly larger than those in October 2018 (stable disease,
SD). According to the Response Evaluation Criteria in Solid
Tumours guidelines (5), SD was defined as neither sufficient
shrinkage to qualify for PR nor sufficient increase to qualify
for PD, pertaining to the smallest sum of diameters. PD means
atleast a20% increase in the sum of diameters of target lesions.
Clearly, the lung metastases in the present case did not reach
PD. The patient was administered two cycles of docetaxel
120 mg D1, while oral apatinib 250 mg qd was administered
as antiangiogenic therapy.
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Figure 5. Radiotherapy target map of recurrent lesions in the tongue. (A) Dose volume histogram graph: Maximum dose administered to P-GTV, 2.88 Gy; dose
administered to 95% of target volume, 55.86 Gy. (B) Isodose line. L/LT, left; R/RT, right; TM-Joint, temporomandibular joint; P-Cord, cord expanding 0.5 cm

outwards; P-GTV, gross tumor volume expanding 1 cm outwards.
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Figure 6. Changes in the counts of various subsets of T cells during the course of treatment with low-dose radiotherapy combined with anti-programmed cell

death-1.

Repeat evaluation in March 2020 indicated a slight increase
in lung metastases, cervical lymph nodes and lesions in the
floor of the mouth (SD) (Figs. 3 and 4). Intensity-modulated
radiation therapy was used for palliative radiotherapy of
tongue tumors in March 2020. The patient was subjected to
radiation therapy, targeting the gross tumor volume expanding
1 cm outwards at a dose of 60 Gy/2.0 Gy/30Fx (Fig. 5) and
oral Tigio 40 mg twice a day was given as concurrent chemo-
therapy. Chest CT examination in August 2020 indicated that
certain lung nodules were larger than those in March 2020
(evaluation: SD). Subsequently, two cycles of sintilimab
200 mg 3w immunotherapy were administered and lung
radiotherapy was initiated in September 2020. The prescrip-
tion dose was as follows: Clinical target volume (CTV1) (right
lung metastasis) 2.0 Gy/1Fx; CTV2 (left lung metastasis)
2.0 Gy/1Fx; two cycles of concomitant sintilimab 200 mg
gq3w immunotherapy. This led to a significant alleviation of

shortness of breath. After 24 cycles of sintilimab 200 mg
g3w immunotherapy from November 2020 to February 2022,
the lung lesions were reduced in size and the tongue lesions
were significantly smaller than previously (evaluation: SD). At
present (February 2022), the patient is in a stable condition
and the general condition is satisfactory. The main symptom is
shortness of breath induced by exercise. Laboratory examina-
tion indicated a slight decrease in thyroid function. The counts
of T-cell subsets were measured in the peripheral blood of
the patient after chemotherapy and the temporal trend of its
change is presented in Fig. 6. The patient continued treatment
with immunotherapy.

Discussion

ACC typically occurs in salivary gland tissues such as
minor salivary gland, sublingual gland, parotid gland and
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submandibular gland (1). The typical characteristics of ACC
are slow growth, no local lymph node metastasis and a tendency
for recurrence and metastasis after several years (6). The ACC
lesion is usually painless and the clinical course is typically
insidious. Therefore, the condition is frequently ignored by
patients in the early stage of the disease and most cases are
typically diagnosed at an advanced stage. With the progression
of the disease, it may metastasize to sites including the lung,
bone, liver, brain and kidney; of these, lung metastasis accounts
for ~70% of metastatic cases (7). Distant metastasis usually
occurs within 5 years after treatment. Failure to prevent and
control distant metastasis is one of the key determinants of the
low long-term survival rate of patients with ACC (6,8). Tumor
size, peripheral nerve infiltration and local recurrence are
risk factors for lung metastasis (9). In a study of 125 patients
with ACC by Jeong et al (10), the 10-year OS rates of patients
without distant metastasis and those with distant metastasis
were 81.5 and 60.2%, respectively. Due to the biological
characteristics of ACC, surgery is the first-choice treatment
for localized ACC. However, there is no effective treatment
for patients with ACC with lung metastasis. Girelli ef al (8)
studied 109 patients with lung metastasis of ACC and observed
that surgical treatment of lung metastasis was effective in
patients who had indications for surgery; the 5- and 10-year
survival rate of these patients was 66.8 and 40.5%, respec-
tively. Systemic therapy is the main treatment for patients with
multiple metastases who are not able to receive surgery or
palliative radiotherapy (11).

Local radiotherapy may also have a certain effect on the
unirradiated distant metastatic lesions, a phenomenon referred
to as the remote effect (12). Radiotherapy directly destroys
tumor DNA and endoplasmic reticulum. Tumor cells release
a large quantity of tumor-associated antigens after injury or
death. These antigens are presented to T lymphocytes, which
stimulates their proliferation, inducing a specific immune
response (13). Furthermore, radiotherapy may promote the
expression of tumor antigens by upregulating the expression
of major histocompatibility complex-I molecules, which
improves the ability of antigen therapy to recognize tumor
cells (12). In addition, radiotherapy may also induce the infil-
tration of T cells and neutrophils in the tumor and activate
the local immune inflammatory response, resulting in inhibi-
tion of unirradiated tumor cells (14). The combination of
radiotherapy and immunotherapy helps activate the immune
response and transforms the tumor microenvironment from
immunosuppressive to immunoreactive. Several studies have
indicated that the combination of radiotherapy and immuno-
therapy improves the remote effect. The immune response
may vary depending on the radiation doses and radiotherapy
regimens. In the study by Yin et al (15), a 2Gy"1f radiotherapy
regimen was indicated to induce higher infiltration of CD4+
and CD8+ T cells into tumor tissue than 2Gy*3f and 2Gy"5f
regimens. Shevtsov et al (16) obtained similar results. They
observed that, although LDRT (2Gy’1f) had a poor killing
effect on tumor cells, it may normalize tumor blood vessels,
thus promoting T-cell infiltration into the tumor and improving
the curative effect. LDRT (<1Gy) may induce differentiation of
macrophages into the M2 anti-inflammatory phenotype, while
high-dose radiotherapy (1-10 Gy) may induce their differentia-
tion into M1 pro-inflammatory phenotype (17). Yin et al (15)

explored triple therapy of low-dose radiotherapy (LDRT) and
hypofractionated radiotherapy (HFRT) combined with immu-
notherapy for non-small cell lung cancer. It was indicated that
the LDRT of distant metastases significantly enhances the
distant effect of HFRT combined with immunotherapy and
that the triple regimen is well tolerated by the patients (15).
The present study also suggested that LDRT upregulated the
expression of genes involved in antigen presentation and genes
that promote tumor T-cell invasion.

In the present case, the previous multi-line therapy programs,
including surgery, chemotherapy, targeted therapy and radio-
therapy for recurrent lesions, failed, and there was an increase in
the number of metastatic lesions in both lungs. At six years after
the treatment, the patient developed extensive metastasis in both
lungs. According to the International Lung Metastasis staging
system, the patient was categorized as stage IV (unable to be
resected completely) with no surgical indication. Considering
the size and the number of pulmonary metastases and the general
condition of the patient, LDRT combined with immunotherapy
was administered, which controlled pulmonary metastases and
local recurrence. Studies have indicated that changes in lympho-
cyte subsets may be used to assess the efficacy of immunotherapy
and the prognosis of patients with cancer (18). Immune markers
such as natural killer cells, dendritic cells and T-regulatory cells
are not routinely assessed but would be useful for monitoring the
effectiveness of the treatment. In a bilateral mouse colon tumor
model study (15), the number of CD8+ T cells was significantly
increased after low-dose radiotherapy plus anti-programmed
cell death-1 (PD-1) therapy. After 1 cycle of anti-PD-1 treatment,
the number of peripheral blood T lymphocytes in the patient of
the present study exhibited a marked increase (CD3+, 933/ul;
CD4+, 455/ul; CD8+, 449/ul; and CD4+/CD8+ ratio, 1.01) as
compared with the baseline (CD3+, 613/ul; CD4+, 254/ul;
CD8+, 339/ul; CD4+/CD8+, ratio 0.75), indicating the effective-
ness of the treatment. Subsequently, fluctuations in the number
of immune cells were observed over time, but the levels were
largely above the baseline level. To date, no consensus has been
reached regarding the optimal sequence of radiotherapy and
immunotherapy. Certain researchers suggested that anti-PD-1
therapy has the best effect when administered within one week
after radiotherapy, but it may also be related to the selection
and efficacy of immunotherapy drugs. This patient of the
present study was treated with immunotherapy combined with
sequential radiotherapy. Repeat examination after 4 months of
radiotherapy indicated a decrease in the size of lung and tongue
lesions, which may reflect the remote effect, indicating that
low-dose radiotherapy may enhance T-lymphocyte infiltration
in distant tumors.

In conclusion, for the present case of ACC with bilateral
lung metastasis, satisfactory results were achieved with
low-dose lung radiotherapy combined with immunotherapy.
At present, there is no standardized treatment for bilateral lung
metastasis of ACC and this approach may be used as a feasible
treatment model. However, further studies are required to
determine the optimal radiotherapy dose and the optimal
sequence of radiotherapy and immunotherapy.
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