
Abstract. Background/Aim: Although few studies have
shown the effectiveness of adjuvant therapy with acridine
orange (AO) for soft tissue sarcoma (STS) patients, no study
has investigated this among cases with marginal resection.
The aim of the study was to evaluate the effectiveness of AO
therapy directly by comparing it to marginal resection cases
that did not receive AO. Patients and Methods: This
retrospective study included 19 and 33 patients with STS who
received AO therapy (AO group) and marginal resection
without AO therapy (non-AO group), respectively. The
patients’ clinical information was collected, and the clinical
courses were compared. Results: The local recurrence rate
in the AO group was significantly lower than that in the non-
AO group (p<0.05). The local recurrence-free survival
curves significantly differed between the two groups
(p<0.05). High grade malignancy and no treatment with AO
were identified as risk factors for local recurrence (p<0.05).
Conclusion: AO therapy strongly suppressed local
recurrence after marginal resection of STS.

Soft tissue sarcoma (STS) is relatively rare compared with
other types of cancer. Radical resection with adequate
margin is important in the treatment of STS for the
prevention of local recurrence. However, when tumors are in
contact with important tissues such as major nerves and
blood vessels, removal of these important tissues causes
serious dysfunctions. Conversely, if resection is conducted

in the area where the tumor is in contact with the tissue, the
recurrence rate increases. In such cases, radiation therapy is
one of adjuvant therapies; it may be effective in reducing
local recurrence rate without serious dysfunction (1, 2).
However, adjuvant radiotherapy can also cause various
conditions that could lead to dysfunction, such as fibrosis,
edema, and other pathological fractures (1, 3). Therefore, it
is expected that adjuvant therapy will assist in suppressing
local recurrence and hindering local dysfunction.

Kusuzaki et al. were the first to report the effectiveness of
acridine orange (AO) treatment as an adjuvant therapy in
STS; their research team has reported its effectiveness in
various different studies (4-10). AO accumulates in acidic
environments. As sarcoma cells have many large acidic
vesicles, AO specifically binds to malignant tumors and
immediately accumulates in tumor cells after local
administration (11-15). AO has a strong cell destruction
effect on tumor cells after a single session of blue light
excitation or low-dose radiation, and residual tumor cells
after tumor resection are killed.

Comparisons of STS cases in which extensive resection
surgery was or was not performed have shown the efficacy
of AO therapy (7, 8). However, there has been no report
directly comparing whether or not AO should be used after
marginal resection.

The aim of this study was to clarify the effectiveness of
AO therapy in the treatment of STS.

Patients and Methods
Subjects. Twenty patients with initial STS involving the extremities
or trunk were treated with AO therapy after surgical resection
conducted in the Akita University Hospitals, in the Akita prefecture
in Japan, between December 2004 and December 2014. We
performed surgical treatment with AO on patients with indications
that the tumor was in contact with major nerves or vessels, bones,
and/or major organs, who did not show signs of massive invasion
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upon image evaluation before surgery. We defined resection through
the capsule of the tumor as marginal resection and resection through
the tumor as intralesional resection. Although tumor cells remained
after employment of both methods, intralesional resection leaved
behind more tumor cells. Only one patient who received
intralesional resection among the 20 patients treated with AO
therapy was excluded. Finally, 19 consecutive patients with STS
treated with AO therapy, with a mean age of 64.4 years (range=52-
87 years), were included in this study (AO group). On the other
hand, we retrospectively investigated the clinical and pathological
data of STS patients with partial marginal resection without AO
therapy and adjuvant radiotherapy, and we defined these patients as
the control group (non-AO group). We enrolled 33 consecutive
patients, with a mean age of 58.4 years (range=32-93 years), with
initial STS involving the extremities or trunk who received marginal
resection in the Akita University Hospital and Sapporo Medical
University Hospital between January 1997 and April 2017 in the
non-AO group.

This study was approved by the Institutional Review Board for
Clinical Research at Akita University (approval number: 221), and
informed consent was obtained from all patients.

Data variables and definitions. The patients’ information, including:
age, sex, tumor type, anatomical location of the tumor, size,
metastasis at diagnosis, stage of the primary tumor, local and distant
relapse, follow-up period, and outcomes were collected. The stage
of the primary tumor was determined based on the staging system
of the American Joint Committee on Cancer (AJCC), 7th edition
(16). The specimens were classified using the French Federation of
Cancer Center Sarcoma Group (FNCLCC) classification. This
classification is based on the mitotic index, necrosis extension, and
histological differentiation of the tumor (17). In the absence of death
event, the date of the last follow-up was considered as the end of
the follow-up period. The local recurrence-free survival (LRS) was
defined as the time remaining free of local recurrence after the
primary tumor had been resected. Overall survival (OS) was defined
as the time period from the date of diagnosis to that of death or the
last follow-up. As there were no deaths due to postoperative
complications in this study, we defined death from original disease
as died of disease (DOD). Cases were regarded to have a surgical
indication if all lesions, including distant metastases, could be
excised and if general anesthesia could be administered by an
anesthesiologist.

Procedures for AO therapy. We conducted AO therapy, including
photodynamic surgery (PDS), photodynamic therapy (PDS), and
radiodynamic therapy (RDT), according to previously reported
methods (4-9). After we performed marginal resections of STS,
microscopic curettage was conducted using an ultrasonic surgical
knife (Olympus Co. Ltd., Tokyo, Japan). During microscopic
resection, we used a high-power xenon lamp (500 mW, >100,000
lx) and special interference and resorption filters (450-490nm) to
select the blue light emitted by a xenon lamp (PDS). We sprayed a
1 μg/ml solution of AO (Sigma Aldrich Co, St Louis, MO, USA)
on the resected surfaces, and microscopic curettage was repeated
until the green AO fluorescence area representing the remaining
tumor cells disappeared completely. PDT was followed by PDS.
PDT was subsequently applied to the resected area of the tumor by
illuminating it with >100,000 lx of unfiltered light from a xenon
lamp for 10 min. The final step of RDT was performed in patients

who agreed to undergo RDT. After closure of the surgical wound,
without washing of the AO solution, a single-session of radiotherapy
with 5 Gy was immediately administered to the resected area.
Although, the policy was to conduct RDT in all cases, we did not
conduct RDT when patients did not want it or when the radiation
room could not be used immediately after surgery.

Statistical analysis. The clinical courses and results between the AO
and the non-AO groups were compared. Furthermore, we
investigated these factors in patients with high-grade sarcoma only.
Additionally, we examined the factors affecting the local recurrence
and patient prognosis. 

All continuous variables were expressed as means±standard
deviations (SD). Student’s t-tests, Welch t-tests, and Chi Squared
(χ2) tests were used to compare characteristics between the two
groups. The curves for LRS and OS were drawn using the Kaplan–
Meier method, and differences were analyzed using the Long-rank
test. A Cox proportional hazards model was used to identify the
factors associated with local recurrence and prognosis. Probability
(p) values less than 0.05 were considered significant.

Results

Metastasis at diagnosis was observed in lymph nodes in only
one patient among the non-AO group. According to the
AJCC staging system, 0 (0%), 4 (21.1%), 1 (5.2%), 2
(10.5%), and 12 (63.5%) patients were classified as IA, IB,
IIA, II B, and III in the AO group, respectively. In the non-
AO group, 1 (3.0%), 10 (30.3%), 4 (12.2%), 8 (24.2%), and
10 (30.3%) patient were classified as IA, IB, IIA, II B, and
III, respectively. All patients that received chemotherapy
received doxorubicin and ifosfamide (Table I). Combined
treatment with PDS and PDT was performed in 8 (42.1%)
patients in the AO group, and that with PDS, PDT and RDT
was performed in 11 (57.9%) patients in the AO group.

Among all patients, the AJCC stages in the AO group were
significantly worse than those in the non-AO group (p<0.05),
and the local recurrence rate in the AO group was significantly
lower than that in the non-AO group (p<0.05) (Table I).
Although the Kaplan–Meier OS curves for the two groups did
not significantly differ, the LRS curves showed a significant
difference (p<0.05) (Figure 1). Outcomes among patients in
the AO group were: 8 alive without disease (42.1%), 3 alive
with disease (15.8%), and 8 dead (42.1%). Outcome in the
non-AO group were: 22 alive without disease (66.7%), 4 alive
with disease (12.1%), and 7 dead (21.2%). There were no
significant differences in outcomes between the two groups
(Table I). No patients died of complications during the
perioperative period. Only among patients with high grade
sarcoma, the AJCC stage in the AO group was significantly
worse than that in the non-AO group (p<0.05), and the local
recurrence rate in the AO group was significantly lower than
that in the non-AO group (p<0.05) (Table II). There were no
significant differences in the Kaplan–Meier LRS and OS
curves between the two groups (Figure 2).
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In the univariate analysis which investigated factors
associated with local recurrence, older age, high grade
malignancy, and no treatment with AO were identified as risk
factors for local recurrence. Upon multivariate analysis, high
grade malignancy and no treatment with AO were identified
as risk factors for local recurrence (p<0.05 and p<0.01)
(Table III). In the univariate logistic regression analysis,
which investigated factors associated with prognosis, only
high-grade malignancy affected prognosis (p<0.05).

Discussion

In the current study, it was demonstrated that AO
administration significantly decreased the local recurrence

rate among all STS cases and among only those with high-
grade STS when compared with patients with marginal
resection who did not receive AO. Additionally, it was shown
that the use of AO reduces the risk of local recurrence.
Matsubara et al. have reported that there was no significant
difference in the local recurrence rate between STS cases
that received AO and extensive resection STS cases that did
not receive AO; LRS was 71% among cases that received
AO and those with extensive resection who did not receive
AO (8). Nakamura et al. have reported that long-term AO
therapy resulted in 78.9% and 73.3% 5- and 10-year LRS,
respectively (9). In our study, the LRS for all STS patients
and for those with high-grade STS only were 73.7% and
66.7%, respectively. Although somewhat low, the LRS
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Table I. Comparison of patient characteristics between those in the acridine orange (AO) and non-acridine orange (non-AO) groups.

                                                                                                       AO group (%)                             Non-AO group (%)                               p-Value

Number                                                                                                    19                                                     33                                                   
Age (years)                                                                                        64.4±15.5                                         58.4±18.0                                         0.229
Gender                                                                                                                                                                                                                 0.198
   Male/Female                                                                                       8/11                                                 20/13                                                 
Histological diagnosis                                                                                                                                                                                             
   Undifferentiated pleomorphic sarcoma                                          5 (26.3)                                            6 (18.2)                                               
   Myxofibrosarcoma                                                                          4 (21.0)                                            5 (15.2)                                               
   Dedifferentiated liposarcoma                                                          5 (26.3)                                            6 (18.2)                                               
   Pleomorphic liposarcoma                                                                  0 (0)                                                2 (6.1)                                                
   Myxoid liposarcoma                                                                        1 (5.3)                                             9 (27.3)                                               
   Synovial sarcoma                                                                            3 (15.8)                                             1 (3.0)                                                
   Low malignancy fibromyxosarcoma                                               1 (5.3)                                              1 (3.0)                                                
   Extraskeletal myxoid chondrosarcoma                                             0 (0)                                                2 (6.1)                                                
   Leiomyosarcoma                                                                                0 (0)                                                1 (3.0)                                                
Location                                                                                                                                                                                                               0.325
   Extremity/Axial                                                                                  14/5                                                  28/5                                                  
Size (mm)                                                                                         106.6±54.6                                        95.1±41.0                                         0.394
Metastasis at diagnosis                                                                                                                                                                                       0.778
   Present/None                                                                                      0/19                                                  1/32                                                  
FNCLCC classification                                                                                                                                                                                       0.109
   Grade I                                                                                            4 (21.1)                                           11 (33.3)                                              
   Grade II                                                                                           3 (15.8)                                           11 (33.3)                                              
   Grade III                                                                                         12 (63.1)                                          11 (33.3)                                              
AJCC stage                                                                                                                                                                                                          0.021
   Stages I and II                                                                                 7 (36.9)                                           23 (69.7)                                              
   Stages III and IV                                                                            12 (63.1)                                          10 (30.3)                                              
Chemotherapy                                                                                                                                                                                                     0.709
   Present/None                                                                                      3/16                                                  4/29                                                  
Metastasis after surgery                                                                                                                                                                                      0.111
   Present/None                                                                                      10/9                                                 10/23                                                 
Local recurrence                                                                                                                                                                                                 0.017
   Present/None                                                                                      5/14                                                 20/13                                                 
Follow-up period (months)                                                               59.8±40.8                                         53.3±36.0                                         0.552
Outcome at the last follow-up                                                                                                                                                                            0.201
   Alive without disease                                                                      8 (42.1)                                           22 (66.7)
   Alive with disease                                                                           3 (15.8)                                            4 (12.1)                                               
   Dead                                                                                                 8 (42.1)                                            7 (21.2)                                               

Values are expressed as the number and proportion of patients or means±standard deviations (SD) with ranges. AO: Acridine orange; FNCLCC:
French Federation of Cancer Center Sarcoma Group; AJCC: American Joint Committee on Cancer.



detected in this study was similar to that from past reports.
Additionally, a histologic high-grade was a risk factor for
local recurrence. Patients in the AO group showed a high
tendency for malignancy and frequently had grade III
malignancy; this relationship existed even among those with
high-grade STS only. Despite the fact that the histological
grade was worse in the AO group than in the non-AO group,
the effectiveness of AO on local recurrence was
demonstrated. Conversely, in the case of partial marginal
resection without AO or adjuvant therapy, LRS for all STS
patients and those with only high-grade STS was 39.4% and
31.8%, respectively, and high local recurrence rates were
shown. Based on our findings, we should be considered AO
therapy for STS patients with expected marginal resection
before surgery, and adjuvant therapy such as radiotherapy

should be strongly recommended for cases in which marginal
resection is suspected histopathologically after surgery.

Although there was no significant difference in OS, a
slightly lower trend was seen in the AO group. Matsubara
et al. have reported that there was no significant difference
in OS between STS cases that received AO and extensive
resection STS cases who did not receive AO; the OS in
cases that received AO and extensive resection cases were
68% and 63%, respectively (8). However, based on our
findings, the OS in the AO group was a little lower.
Factors, such as older age, larger tumor size, high
histological grade, and non-surgical treatment, have been
identified as significant independent adverse prognostic
factors (18-26). In the current study, high-grade sarcoma
tended to be higher in the AO group, and grade III was
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Table II. Characteristics of the patients with high grade sarcoma between the acridine orange (AO) and non-acridine orange (non-AO) groups.

                                                                                                       AO group (%)                             Non-AO group (%)                               p-Value

Number                                                                                                    15                                                     22                                                   
Age                                                                                                    63.7±16.9                                         67.8±14.1                                         0.427
Gender                                                                                                                                                                                                                 0.457
   Male/Female                                                                                        7/8                                                   13/9                                                  
Histological type                                                                                                                                                                                                      
   Undifferentiated pleomorphic sarcoma                                          5 (33.3)                                            6 (27.3)                                               
   Myxofibrosarcoma                                                                          2 (13.4)                                            4 (18.2)                                               
   Dedifferentiated liposarcoma                                                          5 (33.3)                                            6 (27.3)                                               
   Pleomorphic liposarcoma                                                                  0 (0)                                                2 (9.1)                                                
   Myxoid liposarcoma                                                                          0 (0)                                                2 (9.1)                                                
   Synovial sarcoma                                                                            3 (20.0)                                               0 (0)                                                 
   Extraskeletal myxoid chondrosarcoma                                             0 (0)                                                1 (4.5)                                                
   Leiomyosarcoma                                                                                0 (0)                                                1 (4.5)                                                
Location                                                                                                                                                                                                               0.153
   Extremity/Axial                                                                                  10/5                                                  19/3                                                  
Size (mm)                                                                                         115.0±58.6                                        88.6±43.6                                         0.125
Metastasis at diagnosis                                                                                                                                                                                       0.403
   Present/None                                                                                      0/15                                                  1/21                                                  
FNCLCC classification                                                                                                                                                                                       0.065
   Grade II                                                                                           3 (20.0)                                           11 (50.0)                                              
   Grade III                                                                                         12 (80.0)                                          11 (50.0)                                              
AJCC stage                                                                                                                                                                                                          0.036
   Stage II                                                                                             3 (20.0)                                           12 (54.5)                                              
   Stage III                                                                                          12 (80.0)                                          10 (45.5)                                              
Chemotherapy                                                                                                                                                                                                     0.341
   Present/None                                                                                      3/12                                                  2/20                                                  
Metastasis after surgery                                                                                                                                                                                      0.157
   Present/None                                                                                       9/6                                                   8/14                                                  
Local recurrence                                                                                                                                                                                                 0.037
   Present/None                                                                                      5/10                                                  15/7                                                  
Follow-up period (months)                                                               50.5±36.2                                         44.9±33.3                                         0.629
Outcome at the last follow-up                                                                                                                                                                            0.388
   Alive without disease                                                                      5 (33.3)                                           12 (54.5)
   Alive with disease                                                                           2 (13.4)                                            3 (13.7)                                               
   Dead                                                                                                 8 (53.3)                                            7 (31.8)                                               

Values are expressed as the number and proportion of patients or means±standard deviations (SD) with ranges. AO: Acridine orange; FNCLCC:
French Federation of Cancer Center Sarcoma Group; AJCC: American Joint Committee on Cancer.



more common in the AO group. This may have lowered the
prognosis in the AO group. Additionally, there have been
some reports in which local recurrence was not associated
with prognosis, in fact, the influence on prognosis may be
weak (18-22). The 5-year OS rates in a large series of
patients with high-grade STS ranged from 66% to 76%, and
the OS of our marginal resection patients without AO was
not significantly inferior (23-26). The frequency of high-
histological malignancy, distant metastasis after tumor
resection, and death was relatively high despite the small
number cases that received AO. This relationship needs to
be further explored by including larger numbers of cases in
the future.

Although adjuvant radiotherapy has also been reported to
assist in improving prognosis, some studies have reported

that the effects of radiotherapy were not superior to those of
extensive resection (25, 27-29). Additionally, the frequency
of complications is high, and it is easy for complications to
arise as a result of surgical wounds due to radiotherapy
before surgery and fibrosis due to radiotherapy after surgery,
thus causing dysfunction (30, 31). Although radiation is also
applied to RDT, the dose of 5 Gy is small, and there have
been no reports of complications to date. Nakamura et al.
have shown the possibility of RDT efficacy in patients with
intralesional resection; additionally, they have shown that
RDT may be necessary to prevent local recurrence in
addition to PDT (9).

AO is recommended not only for its effects on the surgical
site but also for its effects following intravenous
administration. It has been reported that lung metastasis was
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Figure 2. Kaplan-Meier local recurrence-free survival curves (a) and overall survival curves (b) based on the use of acridine orange (AO) in patients
with high grade sarcoma. No significant difference was shown between the two groups. AO: Acridine orange.

Figure 1. Kaplan–Meier local recurrence-free survival curves (a) and overall survival curves (b) based on the use of acridine orange (AO) in all
patients. A significant difference was shown between the two groups in local recurrence-free survival (p=0.040) (a). AO: Acridine orange.



suppressed by intravenous administration of AO to an
osteosarcoma mouse model (32). Additionally, a clinical trial
of radiotherapy after intravenous injection of AO in patients
with advanced cancer is ongoing (10); results for this will
released in the future.

One of the main limitations in this study was the small
number of patients. Several factors may have led to biases,
such as histological malignancy, size, and location; a larger
number of patients are needed to sufficiently analyze these
factors. If we judge that we have a marginal resection, we
often conduct adjuvant therapies such as radiotherapy.
Therefore, only patients with STS of low-grade malignancy
or those who refuse radiotherapy would be included to the
control group. Second, the extent of marginal resection may
affect prognoses, however we could not accurately evaluate
this in this study. Patients in the AO group were expected
to require marginal resection before surgery, and the area
of marginal resection may be wider than that in the non-
AO group. There is a need to perform further detailed
studies which will evaluate the extent of the marginal
resection area.

The present study showed the strong inhibitory effect of
AO therapy on local recurrence after marginal resection of
STS. AO therapy should be considered for STS patients
expected to require marginal resection before surgery.
Although there was no improvement in prognosis, we need
to perform further detailed studies including a larger number
of patients to confirm these findings.
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