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Abstract
Background: Treatment options are limited for recurrent/metastatic adenoid 
cystic carcinoma of the head and neck (R/M ACCHN). We aimed to evaluate the 
preliminary results of the efficacy and safety of all-trans retinoic acid (ATRA) 
combined with low-dose apatinib in patients with R/M ACCHN according to a 
secondary analysis of a phase II study.
Methods: Patients from a phase II study (NCT02775370) who orally adminis-
tered 500 milligram (mg) apatinib daily until treatment-related adverse events 
(AEs) intolerance or progression occurred were eligible for inclusion. Patients 
were further treated with combination therapy of ATRA (25 mg/m2/day) and ap-
atinib (250 mg/day) between March 2019 and October 2021 until progression of 
disease (PD).
Results: A total of 16 patients were included with nine (56.3%) males and aged 
35–69 years old. All recruited patients previously received anti-angiogenic therapy 
then withdrew due to toxicities or progression occurred. The objective response 
rate (ORR) and disease control rate (DCR) were 18.8% and 100%, respectively. 
During a median follow-up of 23.9 months (range:17.8–31.7 months), 11 (68.8%) 
patients developed PD and one of them died in 20.9 months. The median of 
progression-free survival (PFS) was 16.3 months (95% CI: 7.2–25.4 months), and 
the 6-month, 12-month, and 24-month PFS rates were 100%, 81.3%, and 33.3%, 
respectively. The grade 3 adverse events were albuminuria (n =  2, 12.5%) and 
hand-foot syndrome (n = 1, 6.25%).
Conclusion: All-trans retinoic acid combined with low-dose apatinib might be a 
potential efficacy therapeutic option for patients with R/M ACCHN. This finding 
will be further confirmed by our registered ongoing trial, the APLUS study (NCT 
04433169).
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1   |   INTRODUCTION

Adenoid cystic carcinoma (ACC) is a rare subtype of head 
and neck cancer mostly occurred at salivary glands ac-
counting for 1% of head and neck malignancies.1 ACCs 
usually progress slowly with generally good prognosis.2,3 
However, patients treated with surgical resection often de-
velop local and repeated recurrence,4 and nearly half of 
patients develop distant metastases, and up to one third 
die within 2 years of diagnosis.5–7 Neither chemothera-
pies nor trials of targeted therapy agents up-to-date have 
shown sufficient efficacy, therefore effective therapeutic 
regimen for relapsed patients of ACC is still lacking.8 Since 
angiogenesis in tumor has been suggested to play a critical 
role in ACC pathogenesis,9 agents targeting vascular en-
dothelial growth factor (VEGF) signaling has been trialed 
for ACC treatment. Apatinib is a new generation of highly 
specific small molecule VEGFR-2 tyrosine kinase inhibitor. 
The main mechanism of action for apatinib is preventing 
VEGFR-2 downstream signaling pathways and blocking 
the migration and proliferation of vascular endothelial 
cells, reducing tumor microvessel density, and inhibiting 
tumor angiogenesis.10–13 Based on the phase I and phase 
II clinical trials, the China Food and Drug Administration 
(CFDA) approved apatinib as the third-line treatment for 
advanced gastric cancer or adenocarcinoma of the gas-
troesophageal junction in 2014. We previously conducted 
a phase II trial to evaluate the efficacy of apatinib on re-
current/metastatic head and neck ACC (R/M ACCHN) 
(Clini​alTri​als.gov NCT02775370) and showed that the 6-, 
12-, and 24-month progression-free survival (PFS) rates 
were 92.3%, 75.2%, and 44.7%, respectively, in 68 patients 
who received 500 milligrams per day (mg/d) of continu-
ous apatinib therapy. Moreover, patients who received a 
higher intensity of apatinib treatment over 6 months had 
significantly longer PFS than those who received a lower 
intensity of apatinib. Nevertheless, 50 (73.5%) patients 
required dose reduction due to intolerance and adverse 
events (AEs).14 Poor tolerance of monotherapy apatinib 
with 500 mg/d suggested the treatment needs to be further 
optimized.

All-trans retinoic acid (ATRA), a major metabolic de-
rivative of vitamin A, is a critical lipid signaling molecule 
in regulating embryonic and postnatal development. As 
an inducer of tumor cell differentiation,15 ATRA is a po-
tential anti-tumor drug. The agent has been approved for 

clinical treatment of leukemia and tested in off-label usage 
and clinical trials for various solid tumors.16,17 In addition, 
a positive feedback loop of MYB signaling pathway sug-
gested to be involved in ACC pathogenesis and MYB tar-
geted treatment has been attempted in ACC.18,19 Recently, 
it is reported that ATRA could inhibit the expression of 
MYB and dramatically lower the level of the oncogenic 
fusion protein, suggesting a potential treatment agent for 
R/M ACC.20,21 However, less efficacy with 3.2  months 
mPFS (95% CI, 1.8–3.9) of ATRA alone in advanced ACC 
patients was previously reported in a phase II trial (Clini​
alTri​als.gov NCT03999684), and ATRA in combination 
may be a low toxicity choice for disease growth stabiliza-
tion in R/M ACC.22

As an indolent tumor, ACCs were characterized by 
an immune-excluded microenvironment, the presence 
of M2-polarized macrophages and myeloid-derived 
suppressor cells (MDSC), and very low mutational load 
are the key drivers of resistance to antiangiogenic ther-
apies.23 ATRA induces differentiation of MDSC into 
mature cells and it is reported that ATRA alone in com-
bination with chemotherapy could improve the thera-
peutic effect of antiangiogenic therapies in many solid 
cancers.24,25

Less efficacy of monotherapy ATRA and poor tolerance 
of monotherapy apatinib limited their usage in clinical 
practice, and the combination of ATRA and Low-dose ap-
atinib may be a promising new approach. As we know, the 
two positive feedback loops mediated by MYB and VEGF 
in ACC, and in mechanism, combination of ATRA and ap-
atinib could block these two loops at same time (Figure 1). 
ATRA diminish the MYB positive feedback loop driving 
ACC.20 Apatinib is an inhibitor of the VEGFR-2 receptor,11 
and ATRA can induce MDSC maturation, which reduces 
MDSC, thereby reducing tumor-associated macrophages 
(TAM) and VEGF secreted by TAM. The combination of 
apatinib and ATRA could synergistically inhibit the posi-
tive feedback loop of VEGF.24 In order to evaluate whether 
combined therapy of ATRA and low-dose apatinib could 
improve the efficacy and reduce the side effects of apa-
tinib, we further secondary analyzed 16 patients of R/M 
ACCHN in a phase II study of prior received monotherapy 
apatinib. These patients withdrew drug due to treatment-
related AEs and were exploratory accepted combination 
therapy of ATRA (25 mg/m2/day) and low-dose apatinib 
(250 mg/day).

K E Y W O R D S

adenoid cystic carcinoma, all-trans retinoic acid, apatinib, head and neck cancer, oncological 
outcomes
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2   |   MATERIALS AND METHODS

This study was a secondary analysis of a phase II study 
which was approved by the ethics committee of our hos-
pital (SH9H-2020-T73-1). The design of study and the in-
clusion and exclusion criteria were detailed in previous 
publication.14

All patients included in this study had experienced 
dose reduction in the phase II study, and have discontin-
ued apatinib for 6 months or more before accepting the 
treatment of this study. The inclusion criteria were (1) 
>18 years of age; (2) advanced or R/M ACCHN diagnosed 
by pathology or histology; (3) with measurable lesions by 
spiral computed tomography (CT)/ magnetic resonance 
imaging (MRI) scan ≥10 mm and meeting the RECIST 
1.1 criteria; (4) apatinib was used in the last-line ther-
apy and discontinued for AEs or progression; (5) Eastern 
Cooperative Oncology Group (ECOG) performance status 
(PS) 0–1, and (6) treated with ATRA 25 mg/m2/day and 
apatinib 250 mg/day; (7) all patients provided written in-
formed consent before inclusion.

The exclusion criteria were (1) previous or coexisting 
malignancies (except cured basal cell carcinoma of the 
skin, and carcinoma in situ of the cervix) or (2) incom-
plete data, such as missing outcome indicators.

2.1  |  Efficacy outcomes and 
safety measures

The primary study endpoint was PFS, according to 
RECIST version 1.1, which is defined as the time from en-
rollment until objective tumor progression or death. OS is 
defined as the time from patient enrolment to the time of 
death from any cause. The partial response (PR) is defined 
as at least a 30% decrease in the sum of the target lesions. 
Stable disease (SD) is defined as fitting the criteria neither 
for progressive disease nor a PR. Objective response rate 
(ORR) is the percentage of patients with partial response 
and/or complete response. Disease control rate (DCR) is 
the percentage of patients achieved complete response, 
partial response, and stable disease. Patient characteristics 

F I G U R E  1   The potential mechanism of action of ATRA/Apatinib combination.
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(age, sex, lesions, treatment lines, and the number of 
ATRA/apatinib cycles) and treatment outcomes (best 
response, PFS, complications, AE and follow-up) were 
extracted from the medical charts and telephone follow-
up. Safety evaluations at all study visits included labora-
tory and adverse event (AE) assessments adhering to NCI 
Common Terminology Criteria version 4.0. The patients 
were evaluated every two cycles. The last follow-up time 
was in October 2021.

2.2  |  Statistical analysis

SPSS 22.0 (IBM, Armonk, NY, USA) was used for sta-
tistical analysis. Continuous data were tested with the 
Kolmogorov–Smirnov test for normal distribution. 
Normally distributed continuous data are expressed as 
means ± standard deviations, and non-normally distrib-
uted continuous data are expressed as median (ranges). 
Partial response (PR), stable disease (SD), progression of 
disease (PD), objective response rate (ORR), disease con-
trol rate (DCR), overall survival (OS), and PFS were calcu-
lated by using the exact binomial distribution. OS and PFS 
were estimated by using the Kaplan–Meier method. Only 
descriptive statistics were used and none of the statistical 
tests were applied.

3   |   RESULTS

3.1  |  Characteristics of the patients

Among all patients of the original phase II study, 16 pa-
tients discontinued apatinib due to toxicity intolerance 
or PD, and furtherly exploratory accepted combination 
therapy of ATRA (25 mg/m2/day) and low-dose apatinib 
(250 mg/day) from March 2019 to October 2021. The de-
tailed patients' enrolment was shown in Figure 2.

We included 16 patients (Table 1) with a median age 
of 53 years (range: 35–69), nine (56.3%) were males and 
seven (43.8%) were females. All patients received radical 
surgery and radiotherapy for primary lesion previously. 
Before receiving the combined therapy, 12 (75%) prior 
received apatinib as the first-line therapy and four (25%) 
as the second-line therapy. The median of prior apatinib 
treatment cycles was 6 months (range: 1–12 months). The 
primary reason for patients turning to combined therapy 
was disease progression (n = 12), among them, three were 
also caused by intolerant adverse reactions, and other four 
patients were due to intolerance of apatinib adverse reac-
tions only. We detailed the individual characteristics of 
patients' prior treatment in Table 1.

3.2  |  Efficacy

Of 16 patients, three (19%) achieved PR and 13 (81%) 
achieved SD, with best ORR of 19% and DCR of 100%, re-
spectively. The median time to best ORR was 3.4 months 
(range:0.2–6.5 months). Among the 13 patients with SD, 
12 (92.3%) showed tumor shrinkage (3–28%) and one 
(7.7%) showed minor tumor enlargement (2%) (Table  2 
& Figure 3A). By the 6 months, the ORR and DCR were 
maintained (Table 2 & Figure 3B). By October 15, 2021, 
during a median follow-up duration of 23.9 months 
(range: 17.8–31.7 months), 11 (68.8%) patients were PD 
and among them one patient was further died (survival 
months: 20.9) (Table 2 & Figure 4). The median PFS was 
16.3 months (95% CI: 7.2–25.4 months) from initiation of 
combination therapy, and the 6-month, 12-month, and 
24-month PFS rates were 100%, 81.3%, and 33.3%, respec-
tively (Figure 5).

During the treatment period, 12 patients (75%) finally 
discontinued the combination therapy for doctor advice or 
self-discontinuation. Among them, nine progressed after 
6.2–19.3 months of treatment, five of them finally discon-
tinued treatment by doctors' advice, and three stopped 
by themselves. Among them, two were switched to other 
types of anti-angiogenic drugs, two were switched to che-
motherapy, and the others did not accept treatment. One 
patient was evaluated for PD in 25.6 month, but contin-
ued the combination therapy without discontinuing the 
medication, considering the drug accessibility and prior 
efficacy.

3.3  |  Safety

By October 15, 2021, the 16 patients treated with the 
combination therapy ranged from 6.2 to 31.7 months, 
and the combination therapy was well tolerated. The 
major complications were hyperlipidemia in 10 patients 
(62.5%), dizziness in nine (56.3%), liver damage in seven 
(43.75%), and headache in six (37.5%), and all these com-
plications were grade 1 or 2 AEs. Only three (18.75%) 
patients occurred grade 3 apatinib-related AEs which 
were hand-foot syndrome or albuminuria, and two pa-
tients suspended combination therapy due to AEs for 
1 week, and then continued but had a dosage reduction 
(Table 3).

A total of 12 (75%) patients reduced their dosage of 
apatinib for AEs. Among them, five patients reduced 
the dosage of apatinib after suspending the medication, 
four (25%) patients reduced their dosage of ATRA, and 
one patient discontinued ATRA after 8 cycles for AE 
(Table 3).
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4   |   DISCUSSION

Treatment options are limited for R/M ACC.26 Targeted 
broad-spectrum anti-angiogenesis therapy is a relatively 
effective treatment method verified for many cancer types. 
Nevertheless, its associated toxicities or eventual drug re-
sistance limit their use.27,28 Lenvatinib and sorafenib are 
recognized treatments for many types of solid cancers.29,30 
They have been tried in ACC however showed limited 
effectiveness.31–33 Although apatinib monotherapy have 
been proved to be an effectively antitumor therapy in vari-
ous cancer types,34–36 especially for those R/M ACC, its 
tolerance is still unsatisfactory.14

All-trans retinoic acid serves as an attractive candidate 
for various malignant tumors.37 Through direct dimeriza-
tion with retinoic acid receptor (RAR) or indirect interac-
tion of downstream metabolites with retinoid X receptor 
(RXR), ATRA may participate in regulation of many cellu-
lar signaling pathways.38 The major physiological functions 
of retinoic acids (RA) have been involved in development, 

especially in regulation of cell differentiation. It has been 
suggested that RA regulates the development of pluripo-
tent stem cells,39 which plays a critical role in cancer de-
velopment and metastasis.40 Therefore, reducing stemness 
and promoting cell differentiation may contribute signifi-
cantly to anti-cancer activity of ATRA. ATRA have been 
evaluated in many solid tumors, such as breast cancer, lung 
cancer, prostate cancer, liver cancer, pancreas cancer, and 
melanoma, and showed a well efficacy (Table  S1). Also, 
many trial for monotherapy or combination therapy of 
ATRA have been ongoing (Table S2). For example, ATRA 
has been suggested to promote cancer cell differentiation 
in neuroblastoma as well as in acute promyelocytic leuke-
mia.41 These functions may enhance the response of tu-
mors to other cytotoxic and targeted therapy by reducing 
potential escape of tumor cells through dedifferentiation, 
which is important for both cancer initiation and treatment 
resistance.20,21,42 In this study, addition of ATRA lowers the 
dose of apatinib and consequently decrease the toxicity, 
suggesting an increased treatment sensitivity.

F I G U R E  2   CONSORT flow diagram.
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This study reviewed 16 patients of R/M ACCHN pre-
viously received apatinib monotherapy and then added 
ATRA therapy. By the last follow-up date, 12 patients 
were PD within a range of 17.8–31.7 months of follow-up. 
The 6-month, 12-month, and 24-month PFS rates were 
100%, 81.3%, and 33.3%, respectively. Comparatively, in 
the previous study of monotherapy of apatinib with a 
dosage of 500 mg/day, the 12-month PFS were 75.2%.14 
Although both ATRA combined with lower dose apatinib 
and standard-dose monotherapy apatinib achieved ac-
ceptable efficacy for patients, fewer toxicities and adverse 
events were observed for the combination therapy. For 
the standard-dose of monotherapy apatinib, at least one 
AE was reported for each patient.14 In the present study, 
a longer duration of tolerable treatment was observed. 
Therefore, the efficacy and safety of combination ther-
apy of ATRA and low-dose apatinib in patients with R/M 
ACCHN is worthy of clinical trials.

Currently, a one-armed study (NCT03999684) of short-
term ATRA monotherapy (45 mg/m2/d) in 18 patients 
with R/M ACC found the SD rate was 61.1%, however, 

the treatment duration is relatively short with a median 
duration of stability of 3.7 months. While our study used 
ATRA plus apatinib as the salvage therapy for a median 
of 23.9 months had a 6-month SD rate of 100% and a 12-
month stability rate of 80%, although there was a dose 
reduction of 25 mg/m2/d. In other words, combination 
therapy might be effective on ACC and potentially longer 
than the duration of disease control. Another ongoing 
trial (NCT04433169) examined ATRA plus apatinib versus 
monotherapy of apatinib. This is the first study that fo-
cused on the efficacy of the combination therapy of ATRA 
among patients with R/M ACCHN, and the results of this 
trial will shed a light on the treatment of this entity.

All patients of this study came from a single center and the 
sample size is a little bit small; and the treatment and sever-
ity of the patients might be a large confounder of this study, 
therefore, further large-scale well-designed study are warrant. 
Also, the retrospective nature might provide several informa-
tion bias and limitation. On the other hand, the MYB status 
and pathological types were unclear since the surgical spec-
imens have exceeded the time for further testing. However, 

T A B L E  1   Characteristics of 16 patients before receiving combination therapy of apatinib and ATRA.

Pt no Age/sex
Location of the 
primary Stage

Therapy 
line

Previous 
treatment 
cycles of 
apatinib

Reason for using 
ATRA

1 59/F Oropharyngeal wall Local recurrence and 
metastasis (lung, liver)

2 6 AEs

2 58/M Submandibular gland Metastasis (lung) 2 6 Progression

3 69/M Sublingual gland Metastasis (lung) 2 6 Progression

4 50/M Parotid gland Metastasis (lung) 2 6 Progression

5 51/F Sphenoid sinus Metastasis (lung) 2 6 Progression

6 54/F Hard palate Local recurrence and 
metastasis (lung)

2 4 AEs

7 41/M Maxillary sinus Metastasis (lung) 2 6 AEs

8 39/F Lateral thyroid Metastasis (lung) 3a 4 Progression

9 35/M Soft palate Local recurrence and 
metastasis (lung)

3b 9 Progression, AEs

10 41/M Gingivus Local recurrence 3b 12 Progression, AEs

11 64/F External auditory canal Local recurrence 2 10 Progression, AEs

12 58/F Parotid gland Metastasis (lung) 2 10 Progression

13 46/F Root of tongue Metastasis (lung) 2 10 AEs

14 35/M Submandibular gland Metastasis (lung, liver, 
mediastinum)

3c 1 Progression

15 54/M Maxillary sinus Local recurrence and 
metastasis (lung)

2 1 Progression

16 57/M Maxillary sinus Metastasis (lung) 2 1 Progression
aFirst-line TPF Chemotherapy (Docetaxel + Cisplatin + Fluorouracil).
bFirst-line TP Chemotherapy (Paclitaxel + Cisplatin).
c1st line TP/GP Chemotherapy (Paclitaxel + Cisplatin/Gemcitabine + Cisplatin).
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this was the first study summarizing the treatment status of 
patients with R/M ACCHN which provided the critical infor-
mation on the combination use of ATRA and apatinib. Above 
shortages will be perfected in the ongoing trial.

All-trans retinoic acid combined with low-dose ap-
atinib in patients with R/M ACCHN shows an accept-
able efficacy in terms of response and progression-free 
survival. Additionally, the reduced-dose apatinib plus 

F I G U R E  3   Changes in target lesion from baseline according to the best of response (A) and objective response at 6 months (B).

F I G U R E  4   Responses of 16 patients after combination treatment of ATRA and apatinib by October 15, 2021.
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F I G U R E  5   Kaplan–Meier curve for 
progression-free survival of 16 patients 
receiving combination therapy of ATRA 
and apatinib.

T A B L E  3   Adverse events of 16 patients receiving combination therapy of ATRA and apatinib.

Pt Adverse events Apatinib adjustment ATRA adjustment

1 Hand-foot syndromeb, dizziness, 
hyperlipidemia, hemorrhage, 
angular cheilitis

Discontinuation for 1 week because of grade 
3 AE, reused later, used 250 mg Qod

None

2 Albuminuriab, dizziness, headache Discontinuation for 1 week because of grade 
3 AE, and then reused for 125 mg bid

None

3 Dizziness, hyperlipidemia, liver damage, 
hand-foot syndrome

Dosage reduction and use the two drugs 
alternately, 250 mg qod

Dosage reduction and use the two drugs 
alternately, 25 mg/m2 qod

4 Liver damagea, dizziness, headache, 
hyperlipidemia

Dosage reduction None

5 None Dosage reduction None

6 Albuminuriab, hand-foot syndromea, 
Liver damage, angular cheilitis, 
hyperlipidemia

Dosage reduction and use the two drugs 
alternately, 250 mg qod

Dosage reduction and use the two drugs 
alternately, 25 mg/m2 qod

7 Liver damage None None

8 Albuminuriaa, dizziness, headache, 
hyperlipidemia

Irregular medication uses and use the two 
drugs alternately, 250 mg qod

Irregular medication use and use the two 
drugs alternately, 25 mg/m2 qod

9 None Reduction, recovery after self-
discontinuation, and then intermittent 
medication

None

10 Hyperlipidemia, hemorrhage Discontinuation, and then dosage reduction, 
and then intermittent medication

None

11 Liver damagea, hyperlipidemia None None

12 None None None

13 Dizziness, headache, hyperlipidemia, 
angular cheilitis, albuminuria

Dosage reduction None

14 Liver damageda, dizziness, headache, 
hyperlipidemia

None None

15 Dizzinessa, headachea, hemorrhagea, 
hand-foot syndromea, 
hyperlipidemia

Discontinuation, and then dosage reduction Stopped ATRA after 8 cycles for 
intolerance

16 Dizziness, liver damage, hemorrhage Discontinuation, dosage reduction, and 
self-discontinuation

None

aGrade 2.
bGrade 3; others AE is grade 1.
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ATRA exhibits an acceptable safety profile, and that the 
synergistic effects of ATRA plus apatinib may enable re-
duction in apatinib dose. ATRA combined with apatinib 
might be a potential treatment option and its efficacy 
and safety warrant further examined in well-designed 
clinical trials. The ongoing clinical trial (NCT04433169) 
might soon provide more answers regarding the benefits 
of monotherapy and combination therapy of ATRA for 
ACC treatment.
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