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Purpose: The critical role of arterial infusion chemotherapy in the multimodal treatment of
extremity bone cancer has been investigated extensively, but few studies have focused on
pelvic osteosarcoma. Therefore, we attempted to evaluate the clinical significance of arterial
infusion chemotherapy in the treatment of pelvic osteosarcoma.

Patients and Methods: We combined a cisplatin arterial infusion regimen with multidrug
systematic chemotherapy as a neoadjuvant protocol for the treatment of pelvic osteosarcoma.
The course number and dosage of cisplatin arterial infusion were adjusted to achieve
a maximal tumor response evaluated by contrast-enhanced MRI per RECIST 1.1. Good
responders received the same systematic combination for postoperative chemotherapy, and
poor responders received second-line therapy. Twelve patients with nonmetastatic high-grade
pelvic osteosarcoma were included. Survival, chemotherapy response and adverse events
data were analyzed.

Results: The mean follow-up period was 56.1 months. Four patients died of refractory
tumor progression, and 1 patient with local recurrence had no evidence of disease for 27
months after receiving secondary amputation and resection. Kaplan-Meier survival analysis
demonstrated a 57.8% overall survival and 52.5% event-free survival rate at 5 years. Eight of
12 patients had a >90% tumor necrosis rate according to histopathologic examinations. The
rates of local adverse events were lower than those reported for extremity osteosarcoma.
Conclusion: Our study initially indicated that the cisplatin arterial infusion regimen was
a potential therapy with good tolerance in the treatment of pelvic osteosarcoma.
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Introduction

Osteosarcoma is the most common solid malignant tumor of bone with a highly
aggressive behavior.! The most susceptible age of osteosarcoma is bimodal, which
is characterized by one peak at 10-to-20 years and another at over 60 years.>>
Although this disease endangers the health of both adolescent and aged populations,
limited progress has been made to improve survival and functional prognosis,
especially in patients with pelvic osteosarcoma.*® Osteosarcoma patients treated
with mere immediate surgical resection register a recurrence rate up to 60-90%.’
(Since 1980s, traditional adjuvant intravenous (IV) systematic chemotherapy pro-
duces an improved five-year event-free survival (EFS) rate of 61%.® In the early
2000s, the propagation of a multidrug neoadjuvant chemotherapy regimen elevated

this rate to 60% and above.”'?) Henceforth, numerous explorations have been
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conducted to optimize the category, dosage, combination
and duration of chemotherapy drug administration. The
most recent studies of EURAMOS revealed a 5-year EFS
of 65-70% for localized osteosarcoma treated by multi-
drug neoadjuvant chemotherapy. However, there are few
studies focusing on arterial infusion as an improved
method and its clinical outcome in the treatment of pelvic
osteosarcoma.

Osteosarcoma in pelvic bone is more notorious than
that in extremities. Patients with pelvic osteosarcoma have
an approximately 30% lower survival rate than those with
extremity lesions, which may be associated with a poor
chemotherapy response and an inability to achieve ade-
quate surgical resection.'' Therefore, more challenges are
faced in the management of pelvic osteosarcoma.

Platinum complexes, such as cis-diamine-dichloro pla-
tinum (cisplatin, CDDP), have been proven to be cell
cycle-nonspecific agents and to have multiple broad-
spectrum antitumor effects.'> Several clinical trials
reported that employing an arterial infusion technique to
deliver CDDP, in combination with an IV systematic che-
motherapy regimen or not, can elevate the local drug
concentration to fivefold that of IV administration and
can produce better survival in the treatment of extremity
osteosarcoma.'>!> Therefore, the arterial infusion of
CDDP might have potential in the treatment of pelvic
osteosarcoma.

The histopathologic response of surgically removed
tumors has been shown to be one of most critical indica-
tors of chemotherapeutic effectiveness and survival
prognosis.'®'”  However, preoperative examination is
more valuable to predict tumor response and allow indivi-
dualized neoadjuvant chemotherapy. Response evaluation
criteria in solid tumors version 1.1 (RECIST 1.1), which
was commonly adopted for the tumor-response evaluation
of a variety of cancers, affirmed the value of sectional
radiological imaging measurement.'®2® Therefore, preo-
perative contrast-enhanced MRI (CE-MRI) evaluation
based on RECIST 1.1 is expected to guide the adjustment
of treatment for optimal surgical timing in pelvic
osteosarcoma.

Given all these findings, we combined CDDP arterial
infusion (CAI) with individualized multidrug systematic
chemotherapy (MSC) and surgery (S) to treat nonmeta-
static pelvic osteosarcoma and attempted to investigate (1)
the chemotherapy response and survival yielded from this
protocol, (2) the individualized adjustment of the neoadju-
vant MSC regimen necessary to achieve the maximal

tumor response according to RECIST-1.1-based CE-MRI
reassessment, and (3) the potential adverse effects caused
by the arterial infusion technique and the multidrug sys-
tematic chemotherapy regimen.

Patients and Methods
Study Design and Consent

This is a retrospective cohort study (Level III evidence) in
which subjects received a protocol comprising multidrug
systematic chemotherapy, cisplatin arterial infusion and
resection surgery (CAI + MSC + S). The study design
conformed with the Declaration of Helsinki, and the treat-
ment protocol was approved by the hospital institutional
review board. All patients provided written informed con-
sent for receiving this treatment protocol. All data used in
the present study were obtained from the electronic med-
ical records of our hospital and treated with strict confi-
dentiality; therefore, the requirement of obtaining specific
informed consent for this retrospective study was waived.

Patients

Inclusion criteria for subjects included (1) histopathologi-
cally defined primary osteosarcoma of pelvic bone; (2) no
metastatic foci; (3) no past history of cancer treatment; and
(4) normal cardiac, hepatic and renal function. All patients
were confirmed to have high-grade osteosarcoma morbid-
ity via biopsy. Pretreatment baseline safety indexes were
determined with routine blood tests, hepatic and renal
function tests, and Doppler echocardiography.
A peripherally inserted central catheter was placed in
each patient for the IV administration of neoadjuvant che-
motherapy agents.

From January 2010 to June 2015, 21 patients were
consecutively diagnosed with osteosarcoma of the pelvic
bones in our work unit. A total of 4 patients were excluded
for the following reasons: 2 patients had evidence of dis-
tant metastasis, and 2 tumors involved the femur or lumbar
vertebra. Among the eligible people, 2 refused to take CAI
+ MSC + S treatment: 1 had hemophilia with severely
impaired coagulation function; 1 intended to transfer to
another hospital after being definitively diagnosed via
biopsy. Subsequently, 15 patients took the CAI + MSC +
S treatment, but 1 of them stopped midway (because of
intolerance to vomiting as the adverse effect in the first
two rounds of IV multidrug therapy) and turned to other
treatment. Two patients were lost to follow-up after surgi-

cal resection. Eventually, 12 patients finished the treatment
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protocol and yielded analyzable data for survival, che-
motherapy response and toxicity assessment.

The data of these 12 patients are listed in Table 1. The
study population consisted of 7 (58.3%) males and 5
(41.7%) females with an average age of 28.8 years (11 to
69 years). The morbid sites included the pubis (n = 2),
ilium (n = 4), ischium (n = 1), sacrum (n = 1) and unclear
sites (n = 4).

Description of the Study Treatments and

Outcome Measures

The adopted CAI + MSC + S treatment protocol is
depicted in Figure 1. In general, MSCs usually consist of
high-dose methotrexate (MTX), vincristine (VCR), adria-
mycin (ADM), CDDP and ifosfamide (IFO). Specifically,
the routine CAI + MSC regimen was initiated with 24-
hour continuous IV dripping of high-dose MTX at 10 g/m?
followed by 2 mg IV VCR the next day for the first group
at Week 0; in Week 2, 120 mg/m2 CDDP AI over 3 to 6
hours and following 30 mg/m?*/d IV ADM for 2 days were
given to the second group; these 2 groups were repeated in
Weeks 3 and 4; then, the resection surgery was performed
2 weeks after the neoadjuvant chemotherapy was finished.
Notably, 160 mg/m* was determined as the enhanced
dosage of CDDP for tumors with the longest diameter
over 8 cm in CE-MRI slices. In addition, IV IFO at 2 g/
m?/d for 5 days was given in Week 5 for tumors over 8 cm
after the 4-week routine regimen was completed. Central
venous catheterization for MSC administration was per-
formed under inhalation anesthesia if necessary. Before
each CAI regimen, percutaneous punctuation of the
femoral artery was performed using the Seldinger techni-
que, and the catheter was inserted from the femoral artery
of the contralateral side to the beginning of the artery trunk
supplying the tumor with the assistance of CT-guided
positioning.?! Then, CT arterial angiography was con-
ducted. Each course of MSC and CAI was accompanied
by IV hydration, diuretics, rescue and protecting drugs.
The CDDP was perfused via the catheter with chemother-
apy pumps (LimLess Infusion Pump; PFM Medical Inc,
Cologne, Germany) in a pulsed manner (Bolus dose
administrator; PFM Medical Inc, Cologne, Germany).
The patients were asked to have strict bed rest under
multiparameter monitoring. Routine blood tests for elec-
trolytes and hepatic and renal function were performed on
the first day after drug administration and every 3 days
thereafter.

To evaluate the therapeutic response, primary plain
X-ray (Figure 2A) and physical examination parameters
of the tumor, including pre- and postchemotherapy size,
tenderness, pain and inflammation, were collected. More
importantly, CE-MRI was performed to monitor the tumor
chemotherapy response before and after routine neoadju-
vant CAI + MSC administration. (Figure 2B—E) According
to the RECIST 1.1 guidelines, tumor size was calculated in
gadolinium-enhancing T1-weighted fat-saturated coronal
images using the following criteria: complete response
(CR), complete elimination of target lesion; partial
response (PR), >30% decrease in the diameter of target
lesion compared to baseline); progressive disease (PD),
>20% increase in the diameter of target lesion compared
to baseline or new metastatic lesion); and stable disease
(SD) or observed changes in the diameter of the target
lesion between 30% decrease and 20% increase compared
to baseline. Each tumor lesion was assessed by orthopedic
oncologists and interventional radiologists who were
blinded to the treatment allocation and clinical outcome
data. For patients who achieved PD after the routine
neoadjuvant regimen was finished, surgery was performed
immediately. For patients who demonstrated CR or PR,
surgery was performed 2 weeks after the neoadjuvant regi-
men as usual. For patients who presented SD, the same
IFO course as that mentioned in the adjustment for large
tumors was added to maximize the tumor response of the
neoadjuvant regimen. Then, a multidisciplinary consulta-
tion was conducted to identify the achievement of max-
imal tumor response. If any uncertainty of maximal
response achievement was left, one more course of IFO
could be given, and patients received resection surgery no
later than 9 weeks after the first diagnosis.

A chest CT scan, a full-body bone scan and a pelvic
CE-MRI scan (Figure 2D and E) were repeated before
surgery. The tumor response per RECIST 1.1 measured
in the last CE-MRI examination was compared with the
baseline level. Surgical excision extension was determined
by the involved scope of the tumor and the tumor response
category according to the CE-MRI assessment per
RECIST 1.1. The pelvic reconstruction project depended
on the morbidity site, excision extension, bone mineral
density and functional requirements.

In case of uncontrollable hemorrhage during the resec-
tion surgery, a temporary balloon blocking technique for
the abdominal aorta was performed under the guidance of
CTA 4 hours before resection surgery. A balloon compa-
tible in size to the abdominal aortic diameter was placed
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The CAl + MSC + S treatment protocol for pelvic osteosarcoma patients

MTX 10 g/m?/dx1d iv
VCR2mg/d x1div
ADM 30 mg/m?/d x2 d iv

CDDP 120 mg/m?/d x1 d ia or iv
IFO 2 g/m2 x5div
ETOP 100 mg/m?/d x5d iv

CDDP CDDP
i i

Repeat 3-6 cycles
CDDP
iv

8| Good MIX ApM IFO
U Y,
R C
ADM ADM  IFO G R
MTX MTX E Poor Repeat 6 cycles
Vv v R
c c Y
R R u:'f) ETOP
| | | | | | ] | | __
0 1 3 4 5 7 9 10 11 Weeks

Figure | The individualized pelvic osteosarcoma treatment protocol combined cisplatin arterial infusion, multidrug systematic chemotherapy and resection surgery (CAl +

MSC +S).

intraarterially at the level of 2 to 3 cm above the bifurca-
tion of the common iliac arteries. The injection of saline
with 0.1% heparin inflated the balloon, consequently
blocking blood perfusion of the surgical site.
Angiography was performed to confirm the satisfactory
blockage of the iliac arteries and unobstruction of the
renal arteries. Then, the balloon was deflated until the
surgery began. Each deflation was performed with an
interval of 60 min during the resection surgery before
satisfactory hemostasis was achieved.

Histopathologic examination was conducted using the
method reported by Huvos et al to quantify the necrosis
ratio of the tumor after removal.*? Patients with a >90%
tumor necrosis rate (TNR) (Grade III and IV) were classi-
fied as good responders. The other (Grade I and II') were
deemed poor responders.

The postoperative IV chemotherapy cycle was repeated
every 3 weeks. The recovery of hematopoietic function in
patients was required before each course, which was
defined as a white blood cell count over 1x10*/mm?® and
a platelet count over 5x10%mm?> for 3 successive days
without hematopoietic stimulants. For good responders,
the duration of postoperative MSC was usually 3 courses,
which could be extended to the maximum of 6 courses
accompanied by the existence of high-risk factors, includ-
ing SD or PD in the CE-MRI per RECIST 1.1 before
surgery or histology-proven tumor involvement in the
surgical margin (R1 resection). For poor responders, IFO

at 2 g/m*/d for 5 days and etoposide (ETOP) at 100 mg/
m?/d for 5 days were given sequentially as one cycle
repeated every 3 weeks for 6 cycles.”?

After the planned treatment was finished, the discontinua-
tion of chemotherapy was allowed by the orthopedic oncol-
ogist if X-ray (Figure 2F) and CE-MRI of the primary
morbidity site along with chest X-ray every 2 months, chest
CT scanning every 6 months in the first year off the treatment
prove no local recurrence or lung metastasis. Routine blood
tests and hepatic and renal function tests were deployed
every week until the recovery of hematopoietic function.

Statistical Analysis

We used the Kaplan-Meier method to analyze the overall
survival (OS) and EFS, which were calculated from
the day the preoperative MSC + CAI regimen began.
The events were defined as local recurrence, distant metas-
tasis or death from the disease. Additionally, the OS and
EFS in groups with different histopathologic chemother-
apy responses or tumor sizes were calculated. All statisti-
cal analyses were conducted with SPSS software packages
(SPSS Inc., Chicago, IL, USA).

Results
Chemotherapy Response

Significant improvement in physical examination para-
meters was observed in 10 of 12 patients after the
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Figure 2 (A) Pelvis X-ray of a 36-year-old female with an osteosarcoma in the pubis. (B) and (C) Fat-saturated T|- and T2-weighted coronal slices of contrast-enhanced
MRI showing the maximum diameter of the tumor at the first diagnosis, which showed heterogeneous enhancement, thick septa and obscure boundaries of the tumor. (D)
and (E) MRI reevaluation after completion of the neoadjuvant CAl + MSC regimen, showing thin septa, clear boundaries and stable disease according to RECIST .1 with
a decrease in the tumor diameter. (F) Pelvis plain X-ray of this patient. (The identifiable captions in these images are occluded.).

neoadjuvant regimen, including alleviation of pain. In
terms of tumor response measurement per RECIST 1.1, 4
patients had PR and 5 had SD after routine neoadjuvant
CAI + MSC administration. Three patients had to undergo
resection surgery ahead of schedule because of PD, as
shown by CE-MRI after neoadjuvant CAI + MSC admin-
istration. No patient demonstrated CR.

According to the histopathologic assessment, 66.7% (8
of 12) of patients demonstrated TNR over 90%. One of the
3 patients with PD according to the CE-MRI assessment
turned out to be good responders with Grade III histo-
pathologic results.

Surgery
Three patients underwent local radical excision and lower
limb amputation because of neurovascular bundle

involvement. The remaining 9 patients received limb sal-
vage surgery followed by pelvic reconstruction using
a modular prosthesis (Lidakang Inc., Beijing, China),
tumor bone devitalization and replantation, or just bone
fusion. As a result, 1 patient who underwent primary limb
salvage surgery developed local recurrence and underwent
secondary amputation and local reresection. Two patients
had surgical site infections but were cured 2 months after
surgery. One patient who developed a periprosthetic infec-
tion underwent a secondary amputation.

Survival

A total of 58.3% of patients (7 of 12) remained continu-
ously disease free in an average follow-up period of 65.1
months (range, 34-93 months). One patient who developed
local recurrence was proven alive with no evidence of
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Figure 3 The Kaplan-Meier survival curve for overall survival (OS) and event-free
survival (EFS) rates of 12 pelvic osteosarcoma patients treated with the CAl + MSC
+ S protocol.

disease for 31 months after receiving a secondary amputa-
tion and resection. Four patients (3 lung metastases and 1
local recurrence) died of refractory disease progression.
Kaplan-Meier survival analysis suggested an OS rate of
57.8% and an EFS of 52.5% at 5 years (Figure 3). For
patients with a good chemotherapy response, the 5-year OS
and EFS rates were 68.6%, both of which showed signifi-
cant differences (P = 0.04 for OS and 0.01 for EFS) com-
pared with the corresponding measures for poor responders
(Table 2). The comparison of patients with tumor sizes

Table 2 Overall Survival (OS) and Event-Free Survival (EFS) Rate

Variables ly S5y

All patients — OS 91.7% 57.8%
All patients — EFS 91.7% 52.5%
Good responders — OS 100.0% 68.6%
Good responders — EFS 100.0% 68.6%
Poor responders — OS 75.0% 50.0%
Poor responders — EFS 75.0% 25.0%
Patients with tumor size 28 cm — OS 75.0% 50.0%
Patients with tumor size 28 cm — EFS 75.0% 25.0%
Patients with tumor size<8 cm — OS 100.0% 62.5%
Patients with tumor size<8 cm — EFS 100.0% 64.3%
RO resection — OS 85.7% 70.0%
RO resection — EFS 88.9% 71.1%
RI resection — OS 66.7% 33.3%
RI resection — EFS 66.7% 33.3%

Note: Confidence Interval = 95%

greater (n = 4) or less (n = 8) than 8 cm did not yield
statistical significance (P = 0.32 and 0.13, respectively). As
shown in the pathological report, 75% (9 of 12) patients
received RO resection and 25% (3 of 12) had R1 resection.
There was no significant difference in the OS but in the EFS
between patient group with RO or R1 surgical resection (P =
0.15 and 0.05, respectively). The confidence interval of all
OS and EFS are 95%.

Chemotherapy Toxicity

We recorded the adverse effects referred to in the Common
Terminology Criteria for Adverse Events (CTCAE) ver-
sion 5.0.%* The statistics of CAl-related adverse events are
summarized in Table 3. Three of 12 patients had local
adverse events, including grade 1 to 2 skin pelvic soft
tissue necrosis in muscle and hyperpigmentation, which
exhibited no effect on the surgical method choice or
wound healing. Nausea and vomiting were the most com-
mon systematic adverse events, with 41.7% of patients
developing grade 3 events. A 36-year-old female received
a reduced dosage of MTX (7 g/m?) due to intolerable
vomiting after the first MTX course. Four of 12 patients
developed grade 1 infusion-related reactions.

During the postoperative MSC period, one 12-year-old
child complained of grade 1 palpitations and chest pain.
Therefore, we replaced ADM with ETOP, and the complaint
disappeared with no evidence reported in Doppler echocar-
diography. Three patients out of 12 developed grade 1 to 2
increases in alanine/aspartate aminotransferase levels.

Table 3 Statistics of CAl-Related Adverse Events

No. of
Courses

Adverse Events Percentage of
Patients with
Grade 3-4

Adverse Events

Skin hyperpigmentation 12.5% (3/24) | 0% (0/12)
Pelvic soft tissue necrosis 4.2% (1/24) 0% (0/12)
(muscle)

Pelvic pain 16.7% (4/24) 8.3% (1/12)

Nausea and vomiting 75.0% (18/24) | 41.7% (5/12)

Anemia 8.3% (2/24) 8.3% (1/12)
Increase in creatinine level 8.3% (2/24) 0% (0/12)
Increase in aminotransferase | 4.2% (1/24) 0% (0/12)
level

Infusion related reaction 29.2% (7/24) 0% (0/12)
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Three children developed oral mucositis at grade 2 to
3, 2 of whom were under IV nutrition, and one used
a mouth rinse with metronidazole to treat thrush. All
patients eventually resumed normal oral food intake.

Blood system disorders were commonly noted in
patients after the second cycle of postoperative MSC
administration. Three patients developed febrile neutrope-
nia and were treated by injection of recombinant human
granulocyte stimulating factor.

Discussion

Conventional IV adjuvant chemotherapy and neoadjuvant
chemotherapy have been applied extensively in multimodal
osteosarcoma treatment for over 45 years.>> Though changes
in drug combination, dosage, and administration duration
were made to optimize the regimen, no significant improve-
ment was achieved based on the approximately 50% to 70%
5-year OS and EFS rates in the past decade.*® As
a modified approach to augment the potential of chemother-
apy drugs, the Al technique combined with MSCs has been

studied for years.'***>? In the present study, we attempted to
investigate the therapeutic effect of the CAI + MSC +
S protocol in osteosarcoma treatment. The 5-year OS and
EFS rates were 57.8% and 52.5%, respectively.

The CAI regimen and its outcome measurements were
first documented by Jaffe et al in 1983.>" Then, a series of
studies concerning CAl-facilitated multidrug chemother-
apy followed."****>7 Information on all 9 studies,
including the present study, is listed in Table 4.

Among these 9 studies, 8 used CAI and systematic
chemotherapy sequentially before surgery, and 5 studies
scheduled a 2-course preoperative regimen. Six of 9 stu-
dies suggested a higher chemotherapy response rate and/or
survival rate in the CAI group compared with the IV
CDDP group; 2 of these investigations were 2-arm rando-
mized cohort studies and reported a statistically significant
improvement in the good-response ratio (21% and 31%,
respectively). In the third randomized cohort study
reported by Rha et al, the improvement was not statisti-
cally significant, probably because the limited sample size

Table 4 Synopsis of IA CDDP Information Reported in the Literature

Authors Type of Study No. of Ages | Sites Metastases | Preoperative >90% | OS EFS
Patients | (y) CDDP TN
Courses No.
Winkler et al | Nonrandomized, | 50 <40 All Included 2 68% 67%at 10y | 63%at 10y
and Fuchs 2 arms
et al?%34
Ferrari et al®® | Single arm 164 <40 Extremity | Excluded 2 NA 72% at 8y | 63% at8y
Ferrari et al*® | Randomized, 2 59 <40 Extremity | Excluded 2 64% 61% at 8y 54% at 8 y
arms
Rha et al*® Single arm 37 8~41 | Extremity | ? 3 75% 78%at3y | 55%at3y
Bacci et al®> | Randomized, 2 40 <40 Extremity | Included 2 77% NA 26% at 5y
arms
Bacci et al®> | Randomized, 2 72 <40 Extremity | Included 2 80% NA 61%at5y
arms
Wilkins et al®” | Single arm 47 <2l Extremity | Excluded 3-5 (response 87% 92% at 10y | 84% at 10y
dependent)
Wilkins et al®® | Single arm 62 <22 Extremity | Excluded 3-5 (response 87% 93% at 10y | 86% at 10y
dependent)
Xie et al'? Nonrandomized, | 48 NA Extremity | Included 3 63% 64% at 5y | 60%at5y
2 arms
Hu et al Single arm 12 11~69 | Pelvis Excluded 2 66.7% | 578%at5y | 52.5%at5y
(Current
study)

Abbreviations: |A, intraarterial; CDDP, cisplatin; TN, tumor necrosis; OS, overall survival; EFS, event-free survival.
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was insufficient to test the 9% difference between the two
groups.>® In the multicenter study reported by Winkler
et al and Fuchs et al in the 1990s, no difference in che-
motherapy response was observed between the intraarterial
and IV CDDP groups.**** Similarly, Xie et al also proved
a superior histological response rate but equivalent survi-
val in the CAI group versus the IV group in 2019."
However, the reliability of the conclusions in the 2 studies
may be impaired by the nonrandomized grouping design
conducted at the researchers’ discretion, which could be
affected by the severity of disease. Although CAI may
bring benefits to chemotherapy response augmentation
and survival rates in limb osteosarcoma patients, how
pelvic osteosarcoma reacts to CAl-facilitated multidrug
chemotherapy remains elusive.

Pelvic tumor resection surgeries such as hemipelvect-
omy are notoriously known as one of the most destructive
operations in modern orthopedic surgery.”® Due to the
adjacency of the vascular network, nerves and viscera in
the pelvis, surgeons have to weigh tumor eradication
against functional preservation in the determination of
the extent of surgical excision. This dilemma makes the
treatment more challenging. Patients with pelvic osteosar-
coma have an approximately 30% lower survival rate
compared with the extremity-morbidity population,
which could be explained by the higher rate of not only
failure of surgical remission but also advanced age, large
tumor size, primary metastasis, prolonged latency periods
and poor chemotherapy responses.''** Thus, it is critical
to maximize the chemotherapy response and achieve better
survival outcomes in pelvic osteosarcoma patients.

The combination of agents in our MSC protocol was
determined by reference to NCCN guidelines for bone
cancer and the study reported by Xie et al.'* Although
the agent numbers and categories differed, all of the
above-reviewed studies and the present study deployed
a multidrug protocol to treat tumor cells in different phases
of the cell cycle. Unfortunately, insufficient data are avail-
able to appropriately compare the therapeutic effect of
CALI alone or in various combinations with MTX, VCR,
ADM and IFO because of great heterogeneity. In the
present study, we used high-dose MTX at 10 g/m? and
CAI at 120 mg/m? in 2 doses as routine preoperative
treatment. For patients with tumors over 8§ cm, we
employed an enhanced dose of CAI at 160 mg/m?.
Additionally, additional IFO courses were given to slow
responders. This individualized regimen directly yielded
a 66.7% prevalence of good histopathologic responders

and contributed to the 5-year survival rate of 57.8% in
pelvic osteosarcoma. Both of the two figures were see-
mingly improved when compared to those from conven-
tional systematic chemotherapy.'"

The cumulative dosage of CDDP was 780 mg/m? for
a good responder with a tumor size < 8 cm in the present
study. Wilkins et al reported the highest accumulated dose
of CDDP at 960 mg/m* and a single dose at 160 mg/m?
over 24 h as an enhanced regimen for patients with tumors
over 10 cm versus 120 mg/m?> over 6 h as routine, which
consequently yielded the highest 10-year OS and EFS
rates (93% and 86%, respectively) among all reviewed
studies. Notably, Ferrari et al and Xie et al investigated
CDDP administration at equivalent doses to those in the
present study but yielded poorer survival outcomes
seemingly.'>** This may be because 120 mg/m* CDDP
was given intraarterially in 72 h in the first study, which is
too long to achieve a high enough blood concentration;
patients with tumor metastases at the initial diagnosis were
included in the second study so that the survival rate
would be reduced. We used relatively high-dose CDDP
administered over 3 to 6 h combined with 4 other drugs,
including ETOP, and made individualized adjustments to
the protocol for patients with high-risk factors. This may
have contributed to the 57.8% OS and 52.5% EFS rate at 5
years, which is favorable for pelvic osteosarcoma.
Moreover, we discovered that the OS and EFS rates in
the population with tumors < or >8 cm showed insignif-
icant differences. Patients who received RO resection also
shared equivalent OS but higher EFS with R1 patients.
These finding suggest that this protocol with risk-
dependent adjustment in the drug dosage and combination
could be beneficial to bridge the gap in survival rate
between patients with large or small tumors, and those
who received RO or R1 resection.

We noticed that 3 of 5 cases developing SD turned out
to demonstrate TNR >90%, which probably means that
good response of osteosarcoma is not necessarily accom-
panied with tumor size decrease. This may be attributed to
the formation of tumor bone generated by subtypes like
osteoblastic osteosarcoma, which could prevent tumors
from shrinkage.*’

Only 4 poor responders were observed, 3 of whom
developed tumor relapses. Two of the 3 patients died of
metastasis during postoperative MSC; another showed no
evidence of disease after receiving secondary amputation
and resection for local recurrence. This protocol seemed to
provide limited benefit to the poor responders. However,
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the present data are so limited that few tenable conclusions
can be drawn from it to guide salvage treatment for poor
responders.

Although the Al technique and additional courses were
given in this protocol, no patients received an overdose of
chemotherapy drugs compared with previous studies using
similar drug combinations. No Al-relative grade 4 or 5
adverse events were observed. Although systematic
adverse events, including nausea, vomiting, anemia and
an increase in creatinine/aminotransferase levels, shared
equivalent incidence rates and severities with the study
reported by Xie et al, local skin hyperpigmentation and
pelvic soft tissue necrosis in muscle occurred after only 3
and 1 of 24 CAI events (12.5% and 4.2%, respectively),
which is more favorable than the situation reported in the
most  reviewed  studies  concerning  extremity
osteosarcoma.'>**3* This finding could be explained by
the shorter local drug-retention time since the pelvis has
a more sufficient blood supply and drainage.

In terms of the postoperative MSC regimen for poor
responders, we determined the IFO + ETOP regimen by
reference to the second-line chemotherapy recommended in
NCCN guidelines for bone cancer, which is supported by
the study reported by Goorin et al and Miser et al.>>*!
These two studies were conducted in patients with initial
metastasis or recurrence of osteosarcoma, and the former
one used IFO + ETOP as an induction regimen accompa-
nied by surgical resection and continuation MSC of MTX +
ADM + ETOP + IFO. Therefore, we adopted the regimen
similar as the one reported by Miser et al However, the
study of EURAMOS reported by Marina et al suggested
that treatment with MTX + ADM + CDDP + IFO + ETOP
resulted in similar EFS to MTX + ADM + CDDP and
increased toxicity. In the present study, we found it hard
for patients to accept 12 cycles of second-line therapy in 3
years in view of the high expenditure and physical discom-
fort. Therefore, the number of cycles was reduced to 6 for
poor responders, which is equivalent to a half of the regi-
men of Miser et al in accumulative dosage and duration
time. During the postoperative MSC period, there was no
early death. The reported cardiac irritation, increase in
creatinine/aminotransferase, oral mucosa inflammation and
hematologic system abnormality were acceptable. In sum-
mary, our chemotherapy regimen seems to be well tolerated.

To monitor the chemotherapy response, several meth-
ods have been reported in previous studies. In the studies
reported by Winkler et al and Fuch et al, plain X-ray, local
CT and emission CT of bone were used to monitor the

TNR before the surgery.**** Bacci et al, Wilkins et al and
Xie et al deployed CT arterial angiography, which yielded
90% and 50%,
. 13,32,36,37 :
respectively. Nevertheless, a repeated CT arterial

sensitivity and specificity over
angiography assessment is difficult to be accepted by
patients because it requires multiple invasive operations
and high expenditure. RECIST-1.1-based MRI remains
one of the most commonly used approaches in tumor
response evaluation.**** In the present study, we used CE-
MRI to detect the tumor response and guide the adjust-
ment of treatment for each patient. Although the results
did not seem to suggest that this method is highly predic-
tive of the histopathologic chemotherapy response, the
equivalent survival rate between patients with large and
small tumors may reflect the effectiveness of the indivi-
dualized treatment.

There were several limitations in our investigation.
First, the design was restricted to a small-sample-size
single-arm clinical study due to the rarity of pelvis osteo-
sarcoma morbidity, therefore reducing the reliability of the
conclusions. Second, several previous studies reported that
pathological subtypes of osteosarcoma, such as chondro-
blastic and telangiectatic osteosarcoma, respond differ-
ently to chemotherapy.’”** However, the pathological
subtype of each patient was not analyzed as an indepen-
dent prognostic factor in our study. Heterogeneity of the
osteosarcoma subtype constitution could distort che-
motherapy response and survival outcomes. Third, we
used CE-MRI per RECIST 1.1 to monitor the tumor
response before surgery and guide the individualized
adjustment of the treatment protocol. However, CE-MRI
evaluation was not the gold standard for TNR prediction.
Multiple innovative approaches for TNR prediction in
osteosarcoma have been researched in the past 30 years,
such as dynamic CE-MRI with sensitivity and specificity
over 70% and 80%, respectively, according to previous
studies.*>*” We would attempt to deploy approaches with
higher accuracy to evaluate viable tumors in hope of
providing more precise guidance for individualized pelvic
osteosarcoma treatment in further studies.

Conclusions

In the present study, we employed CAI in the multimodal
treatment of pelvic osteosarcoma patients. Our findings
suggest that the CAl-facilitated chemotherapy regimen
demonstrated great potential for improving the survival
of patients with pelvic osteosarcoma. This treatment pro-
tocol yielded high tolerance with acceptable adverse
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effects. However, further randomized controlled trials with
large sample sizes are required to elucidate the findings of
this preliminary study.

Abbreviations

ADM, adriamycin; CAI, effect of cisplatin arterial infu-
sion; CDDP, cis-diamine-dichloro platinum; CE-MRI,
contrast-enhanced MRI; CR, complete response; CTCAE,
Common Terminology Criteria for Adverse Events; EFS,
event-free survival; ETOP, etoposide; IFO, ifosfamide; 1V,
intravenous; MSC, multidrug systematic chemotherapys;
MTX, methotrexate; OS, overall survival; PD, progressive
disease; PR, partial response; RECIST, response evalua-
tion criteria in solid tumors version; S, surgery; SD, stable
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