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Abstract

Purpose: To investigate clinical efficacy and safety of 3D printing coplanar template-assisted iodine-125 (%) seed
implantation as a palliative treatment for inoperable pancreatic cancer.

Material and methods: Consecutive 28 patients (16 males and 12 females, median age of 64 years) with histological-
ly diagnosed pancreatic cancer who underwent 3D printing coplanar template-assisted 12 seed implantation between
June 2016 and May 2019 were analyzed. Among these 28 patients, 9 (32.1%) and 19 (67.9%) patients were presenting
with tumor node metastasis (TNM) stage IIB and stage III cancer, respectively. Seed implantation was conducted for
pain palliation intent in 25 patients and recurrent cancer after radiotherapy in 3 patients.

Results: No significant differences were found between pre-planned and post-operative dosimetric parameters,
involving Dgy, D1go, Voo, Vigo, V50, conformity index, external index, and homogeneity index (all p > 0.05). Two months
after implantation, pain relief rate was 76% (19/25) for pain patients. Overall tumor response rate (complete response
+ partial response) was 60.7% (complete response 0 patients, partial response 17 patients, stable disease 8 patients,
and progressive disease 3 patients). Median survival was 10.5 months and estimated 1-year survival rate was 26.7%.
Only one patient presented with a slightly upper gastro-intestinal hemorrhage, and another patient suffered from in-
complete intestinal obstruction soon after implantation, both recovered after conservative medical treatment without
a prolonged hospital stay. No major complication was observed.

Conclusions: 3D printing coplanar template-assisted %I seed implantation appears to be safe and effective pallia-
tive treatment for inoperable pancreatic cancer with favorable clinical outcomes.
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of pancreatic cancer, while treatment option is limited to

Purpose chemo-radiotherapy or chemotherapy for majority of pa-

Pancreatic cancer is one of the leading lethal malig-
nancies [1]. In the past few decades, substantial treatment
advance was absent in patients with pancreatic cancer,
though recent adoption of precision medicine may have
a potential improvement on survival [2]. Unfortunately,
the 5-year overall survival is only 9% for patients with
pancreatic cancer, which is the lowest rate among all can-
cers, and has changed a little over the past few decades
[1]. Currently, surgery remains the only chance for cure

tients with locally advanced pancreatic cancer, yielding
a poor prognosis [1, 3]. As a form of radiotherapy, radio-
active iodine-125 (1%]) seed implantation demonstrated
favorable efficacy for local tumor control, survival, and
pain palliation in pancreatic cancer [4-13]. High quality of
seed implantation is critical for improving patients” out-
comes [9, 14, 15].

Computed tomography (CT) guidance was common-
ly used to improve the outcome of radioactive 12°I seed
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implantation, which is not a real-time image, and 21
seeds implanted into the tumors by free-hand. Therefore,
a 3D printing template is used to assist radioactive %]
seed implantation for cancers in the head and neck, tho-
rax, retroperitoneal region, and pelvic cavity, which ap-
pears to be a safe and effective method for high-quality
seed implantation [16-19]. Post-operative dosimetry was
well consistent with that of pre-plan, with high accuracy
of seed implantation for retroperitoneal lymphatic metas-
tasis and head and neck cancers [17, 20].

Preliminary application of 3D printing coplanar tem-
plate for radioactive °I seed implantation in 25 patients
with advanced pancreatic cancer appeared to be safe and
effective to improve implantation accuracy and optimize
dosimetric distribution [12]. Since clinical outcomes in-
volving tumor response in patients” survival has not yet
been reported, the present study aimed to investigate
dosimetric outcomes, clinical efficacy involving tumor
response, patients” survival, pain palliation, and safety of
3D printing coplanar template-assisted %I seed implan-
tation as palliative treatment for inoperable pancreatic
cancer.

Material and methods
Study design

Clinical data of consecutive patients with histological
diagnosis of pancreatic adenocarcinoma treated with 3D
printing coplanar template-assisted 12’ seed implantation
from June 2016 to May 2019 in our institute were retro-
spectively reviewed. Twenty-eight patients (16 males and
12 females; median age, 64 years, range, 45-72 years) were
identified and included in this study. Nine and 19 pa-
tients were presenting with tumor node metastasis (TNM)
stage IIB and stage III cancer, respectively (Table 1).

All patients were discussed and enrolled after a mul-
tidisciplinary consultation. Indications for seed implan-
tation were as follows: 1. Pain palliation intent for inop-
erable patient due to advanced pancreatic cancer or poor
condition; 2. Recurrent/residual/progressive pancreatic
adenocarcinoma after surgery/external beam radiation
therapy (EBRT)/chemotherapy. Among the 28 patients,
seed implantation was conducted for pain palliation in-
tent in 25 patients and recurrent cancer after radiotherapy
in 3 patients. Among the 25 patients presenting with pain
after receiving oral analgesics, 8 patients suffered from se-
vere pain, 11 from moderate pain, and 6 from mild pain.
Three levels of pain intensity referred to an algorithm, in-
cluding mild pain (1-3), moderate pain (4-7), and severe
pain (8-10) (using a numerical rating scale with 0 - no
pain to 10 - worst pain) [21]. Contraindications for seed
implantation were as follows: 1. Infection; 2. Any active
concomitant distant cancer/metastasis; 3. Estimated life
expectancy < 1 month; 4. No suitable needle pathway for
necessary seed implantation during pre-planing, i.e., im-
possibility to avoid adjacent vital organs at risk or hard to
fulfill dose requirement; 5. Severe coagulation disorders
and uncontrolled jaundice; and 6. Pregnancy or any co-
morbidities of clinical concern. The study was approved
by the Hospital Medical Science Research Ethics Com-

mittee. All patients had signed an informed consent form
for seed implantation. As this was a retrospective study
without releasing personal information, the requirement
to obtain written informed consent for participation in
the study was waived.

Dosimetric outcomes, pain relief, tumor response,
survival, and complications were evaluated. Prima-
ry endpoints included pain relief and tumor response,
and the remaining was defined as secondary endpoints.
Tumor response was determined according to tumor re-
sponse standards suggested by the World Health Orga-
nization. Definitions of complete response (CR), partial
response (PR), stable disease (SD), progressive disease
(PD), and overall response rate are listed in Table 2.
Overall survival was defined as a duration from seed im-
plantation until time of death from any cause or last fol-
low-up. Complications were determined using common
terminology criteria for adverse events (CTCAE) version
4.0 (CTCA) [22].

Table 1. Clinical characteristics of patients (n = 28)

Item n (%)
Age (years) 64 (45-72)
Sex
Male 16 (57.1)
Female 12 (42.9)

Karnofsky performance scale

70 15 (53.6)
80 11 (39.3)
90 2(7.0)
Diagnosis
Inoperable pancreatic adenocarcinoma 25 (89.3)
Recurrent pancreatic adenocarcinoma 3 (10.7)
Tumor location
Head of the pancreas 18 (64.3)
Body and tail of the pancreas 10 (35.7)
Size of the lesions (cm) 3.2-5.2
TNM stage
Stage IIB 9 (32.1)
T2NIMO 2(7.0)
T3NIMO 7 (25.0)
Stage Il 19 (67.9)
TANOMO 6 (21.4)
T4NIMO 13 (46.0)
Pain intensity 25 (89.3)
Severe 8 (28.6)
Moderate 11 (39.3)
Mild 6 (21.4)
Previous treatment
Radiotherapy 3(10.7)
Percutaneous trans-hepatic cholangial 2(7.2)
drainage/biliary stenting
None 23 (82.1)

TNM — tumor/node/metastasis
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Table 2. Response rate definition according to the World Health Organization

Response

Definition

Complete response (CR)

Complete disappearance of the lesion lasting for more than 4 weeks

Partial response (PR)

Size of the lesion (maximum diameter x vertical diameter) decreased by more
than 50%, and then maintained for 4 weeks

Stable disease (SD)

Size of the tumor decreased by less than 50% or increased by less than 25%

Progressive disease (PD)

Size of the tumor increased by more than 25%

Overall response rate

Pre-plan

All patients were fixed by vacuum negative pressure
pad in a supine position according to location of the le-
sion, and underwent a CT scan with intravenous contrast
at 5-mm slice thicknesses, 1-3 days before seed implan-
tation. Position lines were marked. Obtained images
were sent to brachytherapy treatment planning system
(BT-TPS, Beijing Tianhang Kelin Science and Technology
Development Co. Ltd, China). Then, gross tumor volume
(GTV) and organ at risk (OAR) were delineated. Pre-plan
was designed according to determined prescription dose
(90-110 Gy) and radioactivity of seeds (0.4-0.6 mCi).

Needle pathway was designed based on location of
the lesion and OAR adjacent to the tumor. Critical organs,
such as the vena cava, aorta abdominalis and its’ primary
branches, and main portal vein were all avoided. Howev-
er, the liver, stomach, small intestine, and colon could be
penetrated during seed implantation if necessary. Dose
distribution on GTV and OAR was designed. Data, such
as needle pathway and entrance, were obtained from BT-
TPS for simulation of a coplanar template (2 cm thickness
with specifications of 8 cm x 8 cm/10 cm x 10 cm) using
3D printing software. A coplanar template was printed
by a 3D printer according to the simulation data, which

N o B o\ F
Fig. 1. 3D printing coplanar template was placed on the
body surface to secure needle pathway and entrance. Co-
planar template was 2 cm in thickness with a 20 x 20 pin-
hole square array for 18-gauge needle, with each pinhole

separated 0.5 cm from the other

Rate of CR + PR

was used to secure the needle pathway and entrance (Fig-
ure 1). The coplanar template was 2 cm in thickness with
a 20 x 20 pinhole square array for an 18-gauge needle,
with each pinhole separated 0.5 cm from the other.

Iodine-125 seed implantation

All patients were fixed by a vacuum negative pressure
pad per pre-plan and were breath-hold trained. Support-
ing device for 3D printing coplanar template was con-
nected to the bed (Figure 2A). The needle entrance was
marked on the skin. After skin disinfection and local an-
esthesia with 2% lidocaine (combined with intravenous
enhanced anesthesia using remifentanil), the 3D-print-
ed coplanar template was placed according to pre-plan.
All 18-gauge needles were inserted step-by-step into the
lesions through the holes on the coplanar template (Fig-
ure 2B, C). During the insertion, needles’ direction was
adjusted under CT guidance. When all the needles were
deemed in place, I seeds were then implanted in a re-
tracement manner according to the pre-plan (Figure 2D).
Prescription dose of 90 Gy in 6 patients, 100 Gy in 10 cas-
es, and 110 Gy in 12 patients were prescribed with 121
seeds (0.4 mCi in 6 cases, 0.5 mCi in 18 cases, and 0.6 mCi
in 4 cases; 0.8 mm x 4.5 mm, 6711-99 type, Beijing Atomic
Technology Co. Ltd, China).

Post-operative dosimetric verification

Dosimetric verification was performed after seed
implantation, and post-operative CT data set was trans-
ferred to the planning station. Dosimetric parameters of
GTV included Dgy (minimum prescribed dose of 90%
target volume), Doy (minimum prescribed dose of 100%
target volume), Vg, (volume covered by 90% prescription
dose as a percentage of target volume), V4, (volume cov-
ered by 100% prescription dose as a percentage of target
volume), and V5, (volume covered by 150% prescription
dose as a percentage of target volume). Moreover, confor-
mity index (CI) was used to evaluate conformity of dose
distribution, external index (EI) was applied to describe
percentage of volume received beyond prescription dose
to target volume, and homogeneity index (HI) is used
to evaluate dose distribution uniformity (Figures 2E, F
and 3). All patients were requested to stay in bed for
8 hours after seed implantation.

Follow-up

Gemcitabine-based chemotherapy was applied
1-2 weeks after implantation according to temporal Na-
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Fig. 2. Procedure of 3D printing coplanar template-assisted iodine-125 (1?’) seed implantation. A) Pre-operative enhanced CT
were scanned at 5-mm slice thicknesses for the patient with pancreatic carcinoma. B-D) All 18-gauge needles were inserted
into the lesions through the holes on coplanar template, and '?°I seeds were implanted in a retracement manner according to
pre-plan. E) Post-operative validation and dose curve. F) CT scan for tumor response 2 months after seed implantation (partial
response in this case)
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onVol)

Ref. Dose

24010

HName Min Max Mean CI EI HI D90. 0 D100.0 Va0

GTIV 7090.9 207285.1 30690.6 0.5847 0.6526 0.1223 16251.2 7090.9 133, 6cc(99. 2%)

Stomach 0.0 14514.0 1466.4 0.0000 0.9080 1.0000 204.0 0.0 0. 3cc (0. 1%)

duodenun 1219.9 37979. 1 5677.8 0.0003 5.2523 0.9525 2909.6 1219.9 2. 4cc (5. 7%)
Gy Gy eGy ey <Gy

GTV — gross tumor volume, Cl — conformity index, El — external index, HI — homogeneity index

Fig. 3. Dose-volume histogram of the patient

tional Comprehensive Cancer Network (NCCN) guide-
lines. CT with intravenous contrast/ magnetic resonance
imaging (MRI) of the abdomen, chest X-ray/CT were
routinely performed every 2-3 months during follow-up.
No patients were lost to follow-up. Evaluation of tumor
response was examined according to CT images at the
initial 2-3 months’ follow-up after seed implantation.

Statistical analysis

Data were expressed as mean + standard deviation.
A paired t-test was used to compare continuous variable
of pre-planned and post-operative dosimetric verifica-
tion. Survival analysis was evaluated using Kaplan-Mei-
er methods. A p-value of less than 0.05 was defined as

statistically significant. SPSS statistical software version
26.0 was used for statistical analysis.

Results
Dosimetric outcomes

Iodine-125 seeds were successfully implanted for
all the 28 patients, with procedure lasting for 1-2 hours.
The median number of needles and iodine seeds were
8 (range, 4-33) and 53.5 (range, 15-122) per patient, respec-
tively. The difference between pre-planned and post-op-
erative dosimetric data was not statistically significant
(all p > 0.05) (Table 3).

Table 3. Comparisons of pre-plan and post-operative parameters of coplanar template-assisted seed implan-

tation for pancreatic cancer (n = 28)

Index Pre-planned Post-operative T-value P-value
Dy (GY) 128.80 £15.51 123.30 +18.02 2.104 0.057
Digo (GY) 60.29 £11.33 63.88 +20.81 -0.620 0.547
Voo (%) 97.13 £2.26 95.53 £2.57 1.098 0.322
Vigo (%) 91.30 +8.05 91.17 +2.93 0.520 0.96
Viso (%) 66.85 £9.51 66.76 £6.45 0.034 0.973
GTV volume (cm?) 48.48 £16.90 52.42 +30.98 -1.843 0.090
lodine-125 seeds 47.15 +16.90 53.61+20.71 -1.924 0.078
Cl 0.76 +0.14 0.74 +0.16 1.300 0.218
El (%) 27.21+21.31 26.57 £23.86 0.264 0.796
HI (%) 24.63 +17.99 24.05 +£15.57 0.327 0.749

GTV —tumor target volume, Cl — conformability index, El — external index, HI — homogeneity index
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Efficacy
Pain relief

At the first follow-up 2-3 months after seed implanta-
tion, the pain was statistically significantly relieved com-
pared with that before seed implantation (visual analog
scale pain score, 5.80 +2.50 vs. 2.68 +2.17, p < 0.001), and
the pain relief rate was 76% (n =19/25). Moreover, among
the eight patients with severe pain before implantation,
three downgrades to moderate pain, four downgrades
to mild pain, and one with no change after implantation
were noted. Of the eleven patients with moderate pain
before implantation, seven downgrades to mild pain and
four with no change after the procedure were observed.
In these six patients who suffered from mild pain before
implantation, five patients were completely relieved from
pain, and the remaining one patient showed no change
after implantation (Table 4).

Tumor response and patient survival

CR was not found, and PR was observed in 17 cas-
es, SD was noted in 8 patients, and PD was observed in
3 cases. The overall response rate was 60.7% at the first
follow-up 2-3 months after seed implantation. The rela-
tionship between tumor response and pain relief rate for
patients is presented in Figure 4.

During a median follow-up period of 13 months
(range, 3-23 months), 23 patients died because of local
tumor progression, and 5 patients died because of dis-
tant metastases. The median overall survival was 10.5
months, and the estimated 1-year survival was 26.77%.

Safety

Only one patient presented with a slightly upper gas-
tro-intestinal hemorrhage, and another patient suffered
from incomplete intestinal obstruction soon after seed
implantation; both recovered after conservative medical
treatment without a prolonged hospital stay. No severe
complications, including pancreatitis, pancreatic leakage,
and gastro-intestinal perforation were observed.

Discussion

The present study investigated the dosimetric out-
comes, clinical efficacy, and safety of 3D printing copla-
nar template-assisted '?°I seed implantation under CT
guidance for inoperable pancreatic cancer, and obtained
a high-rate of local control without major complication.
The post-operative dosimetry was well consistent with
that of the pre-plan.

Iodine-125 seed kills pancreatic cancer cells and in-
duces apoptosis [23]. The effectiveness of °I seed im-
plantation depends on radiation dose delivered to target
area, which is influenced by seed distribution involving
the spacing interval and parallelism as well as the nee-
dle’s depth and angle during implantation. The pancreas
is a retroperitoneal organ that is adjacent to the digestive
tract and mesenteric vessels. Traversing the gastro-in-
testinal tract is inevitable in '?I seed implantation for
pancreatic cancer, which is unamiable for precise needle

puncture by free-hand, and seed distribution may lead to
radiation cold or hot spots, especially in large volume le-
sions. The reasons for imprecise seed implantation might
include the following: 1. Deviated needle pathways
caused by the peristalsis in either gastro-intestinal tract or
gastro-intestinum, muscle contraction, and long-distance
of the pathway; 2. The presence of intra-tumor necrosis;
125 seeds might migrate due to gravity.

Various image guidance was reported for seed im-
plantation of pancreatic cancer. Recently, Jin et al. [24]
prospectively evaluated the clinical efficacy and safety of
endoscopic ultrasonography-guided interstitial implanta-
tion of radioactive %I seeds in 22 patients with advanced
pancreatic cancer. Estimated median survival time was
9.0 months. Partial remission was achieved in three cas-
es (13.6%) for 4 weeks, and in 10 patients (45.5%), the
disease remained stable. Visual analog scale pain score
dropped from 5.07 to 1.73 (p-value < 0.01) 1 week after
brachytherapy, but increased again to 3.53 1 month later.
There were no obvious complications following thera-
py. In addition, the combination of percutaneous stent-
ing with %[ seed implantation and chemotherapy may
bring remission of obstructive jaundice combined with
an increased survival for obstructive jaundice treatment
caused by unresectable pancreatic head cancer [25]. How-
ever, long-term efficacy of this treatment needs to be con-
firmed with further prospective studies [25]. CT-guided
radioactive I seeds implantation was the most report-
ed. Zhongmin et al. [10] examined the clinical efficacy of
CT-guided radioactive '?°I seeds implantation treatment
in 31 patients with unresectable pancreatic cancer. Tu-
mor response, which was demonstrated on repeated CT

Table 4. Pain level of 25 patients

Pain level Before seed After seed
implantation implantation
n (%) n (%)
Severe pain 8 (32.0) 1(4.0)
Moderate pain 11 (44.0) 7 (28.0)
Mild pain 6 (24.0) 12 (48.0)
Completely relieved 0 (0.0) 5 (20.0)
1.0
87.5% (14/16)
0.8 1
. 66.7% (4/6)
E 0.6 1
T
e
£ 04 33.3% (1/3)
[a WY
0.2 4
0

PR SD PD
Tumor response

Fig. 4. Relationship between tumor response and pain re-
lief rate of 28 patients
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2 months post-treatment, revealed CR in 3 cases, PR in
16 patients, SD in 9 cases, and PD in 3 patients, and the
median survival time for all patients was 10.31 months,
which is comparable to our results.

For obtaining a favorable dosimetric distribution, the
3D printing template appears to be feasible for CT-guided
125 seed implantation of pancreatic cancer. Huang et al.
[12] evaluated 3D printing coplanar template for io-
dine-125 seed implantation therapy in 12 patients with
pancreatic cancer and compared with 13 patients who re-
ceived free-hand seed implantation. In this study, a better
dosimetric parameter was observed for the 3D printing
coplanar template group, and the difference was statisti-
cally significant (V;q: 91.05% +4.06% vs. 72.91% +13.78%,
p-value < 0.05). Mild hemorrhage was observed in one
patient with a peritoneal local hematoma due to mesen-
teric vein damage from %I seed implantation needle. No
major procedure-related complications were observed.
In the present study, the Dy, Vgo, and V,y, were slightly
lower than that of pre-plan, but not statistically signifi-
cant; the difference in pre-planned and post-operative CI
and EI were also not statistically significant, which indi-
cated a favorable dosimetric distribution.

External beam radiotherapy (EBRT) is a non-invasive
method and may be useful for pain relief in pancreat-
ic cancer patients. In a systematic review published by
Buwenge et al. [26], of the 14 included studies (479 pa-
tients) reporting the effect of stereotactic radiotherapy
on pain relief, the overall response rate (CR and PR) of
84.9% (95% CI: 75.8-91.5%) with high heterogeneity was
reported, which seems superior to that reported in the
present study; while SBRT resulted in acute and late
toxicity (grade > 3) rates of 3.3-18.0% and 6.0-8.2%, re-
spectively, including duodenal obstruction/ulcer, small
bowel obstruction, duodenal bleeding, hemorrhage, and
gastric perforation. Furthermore, seed implantation may
be used in recurrent pain after EBRT. More recently, high-
dose-rate brachytherapy was tested for pancreatic cancer,
however, the number of related studies is limited [27-29],
which might provide a well-tolerated additional thera-
peutic option in the future, when high-quality evidence is
available [28]. Even though there were no serious compli-
cations in this small cohort, the risk of lethal bleeding or
infection should certainly not be underestimated in seed
implantation. For safety concern, penetration of stomach,
small intestine, or colon indeed should be maximally
avoided, but is inevitable in some situations. If this was
the case, we would suggest the patient for gastro-intesti-
nal preparation using laxative one day before the proce-
dure, with additional prophylactic antibiotics on the day
of the procedure, and fasting for 24-48 h after the proce-
dure. When abdominal pain is relieved without abdomi-
nal tenderness, patient may be discharged.

The present study has several limitations. First, the
retrospective nature of the study is prone to having po-
tential selection bias. Second, the single cohort study
without a control group limits comparison of outcomes
of seed implantation with and without 3D printing copla-
nar template guidance. Third, a relatively small group of
patients was included, and sub-group analysis was not
available due to insufficient statistical power.

Conclusions

3D printing coplanar template-assisted %I seed im-
plantation appears to be an effective and safe palliative
treatment for inoperable pancreatic cancer, demonstrat-
ing favorable clinical outcomes.
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