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Evaluation of a Simple and Safe Tumor
Drilling Technique to Potentiate the Effect
of Intraperitoneal Chemotherapy
in the Treatment of Recurrent Epithelial
Ovarian, Tubal, and Peritoneal Cancer:
A Matched Retrospective Cohort Study
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Abstract
Frontline intraperitoneal chemotherapy (IPCT) in the treatment of epithelial ovarian cancer has been well established. However,
the role of second-line IPCT is yet to be confirmed. With a view to implementing IPCT to treat recurrent disease, a prerequisite is
to perform a cytoreductive procedure to minimize residual tumor size. However, the role of cytoreductive procedure is still in
debate due to a higher chance of complications. A matched retrospective cohort study was conducted. From 2008 to 2015, we
adopted a relatively simple and safe tumor drilling technique to maximize tumor exposure to second-line IPCT. Patients who
received tumor drilling followed by second-line IPCT constituted the cohort group. Concurrently, patients who received
standard second-line systemic chemotherapy were selected as the comparison group. After propensity score matching, 85
patients in each group entered into the final analysis. The median progression-free survival was 7.3 months (95% confidence
interval [CI], 6.2-7.8) for the cohort group versus 4.1 months (95% CI, 4.0-4.3) for the comparison group (hazard ratio ¼ 0.25
[95% CI, 0.17-0.36]; P < .001, by log-rank test). The median overall survival was 33.6 months (32.1-36.6) for the cohort group
versus 25.9 months (20.5-26.9) for the comparison group (hazard ratio ¼ 0.33 [95% CI, 0.23-0.48]; P < .001, by log-rank test).
Toxicities in the cohort group were not different from those that were published in reports of IPCT for ovarian cancer. The most
commonly observed toxicity was gastrointestinal origin (51.7%), and it may be attributed to the intraperitoneal pharmacokinetic
clearance of cisplatin and taxol and we also discussed the mechanism of gastrointestinal toxicity. Tumor drilling followed by
second-line IPCT may confer a survival advantage over standard second-line systemic chemotherapy in the treatment of recurrent
ovarian cancer.
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Introduction

In spite of extensive research in the development of novel

therapies for epithelial ovarian cancer, this disease remains the

leading cause of deaths among patients who were diagnosed

with gynecological cancers. Under current standard treatment,

70% of epithelial ovarian cancer in advanced stage will even-

tually recur, and even for the patients with early-stage disease,

the recurrence rate still reaches up to 20% to 25%.1,2

In situations of recurrent epithelial ovarian cancer, modern

clinical strategies indicate a potential role of surgery. How-

ever, chemotherapy still remains the cornerstone of treatment.

Several platinum-based combination chemotherapy regimens

dependent on the platinum-free interval are commonly used,

despite the fact that most of these regimens have failed to

improve the overall survival.3-6 Of note, a recently published

phase III trial (HECTOR) has demonstrated that combination

of topotecan and carboplatin failed to confer better survival as

compared to standard regimens.7 Therefore, it is urgent to

develop a more effective therapeutic strategy to treat recur-

rent epithelial ovarian cancer.

Frontline intraperitoneal chemotherapy (IPCT) has been

proved to confer survival superiority for patients with epithe-

lial ovarian cancer who receive primary cytoreductive surgery

and then have an optimal residual tumor.8-10 Although the role

of frontline IPCT has been well established, the role of

second-line IPCT in the treatment of recurrent disease is yet

to be elucidated.

One fundamental problem to be solved is that recurrent

diseases, in most circumstances, bear tumor greater than

1 cm when detected by imaging studies (eg, computed tomo-

graphy [CT] or magnetic resonance imaging [MRI]). In such

condition, secondary cytoreductive surgery is required to

reduce residual tumor size to less than 1 cm to take advan-

tage of IPCT. However, the role of secondary cytoreductive

surgery is still in active debate because of the lack of con-

clusive evidence, technical complexity, and raised potential

complications.11,12

In this matched retrospective cohort study, we evaluated a

relatively simple and safe surgical procedure to potentiate the

therapeutic effect of second-line IPCT. For each specific

tumor nodule, rather than extensive cytoreductive procedure,

instead, a tumor drilling technique was performed with the aid

of the Cavitron Ultrasonic Surgical Aspirator (CUSA).

Patients who underwent tumor drilling followed by second-

line IPCT constituted the cohort group. Concurrently, propen-

sity score-matched patients with the same diagnosis, but

underwent standard second-line systemic chemotherapy, con-

stituted the comparison group. Therapeutic efficacy was com-

pared between these 2 groups.

Methods

Study Population and Definition of Recurrence

Patients who were diagnosed with recurrent epithelial ovarian

cancer, tubal cancer, or peritoneal cancer between January

2008 and December 2015 were initially screened. Recurrent

disease was defined if the patient’s serum CA-125 exceeded

twice the upper normal limit or the patient had measurable

disease, which was defined as at least 1 lesion measured in at

least 1 dimension. Each lesion was determined by �20 mm

when measured by conventional techniques (including ultraso-

nography, CT, and MRI) or �10 mm when measured by spiral

CT.13 For the implementation of second-line IPCT, patients

had to undergo exploratory laparotomy and receive tumor drill-

ing, if tumor nodules were identified intraoperatively. The

tumor drilling procedure was only applied to tumor nodules

that were deemed suboptimally residual (ie, residual tumor size

greater than 1 cm).

Further, in order to ensure the potential benefit of IPCT, the

inclusion criteria of this study included: (1) between the ages of

20 and 80, (2) �1 Gynecologic Oncology Group (GOG) per-

formance score, and (3) no evidence of bowel adhesion during

exploratory laparotomy. Moreover, patients were excluded if

they had a previous history of any other cancer.

According to platinum sensitivity, patients with recurrent dis-

ease were categorized as platinum refractory, defined as who prog-

ress while receiving initial chemotherapy, and within 6 months

(platinum resistant), or greater than 6 or more (platinum sensitive)

after completing initial platinum-based chemotherapy.14

The institutional review board of Taipei Veterans General

Hospital, Taiwan, approved the current study. The procedures

used in this study were conducted in accordance with the guide-

lines of the Declaration of Helsinki as it pertains to human

patient experimentation.

Procedure of Tumor Drilling

The CUSA, which employs a high-frequency vibrator, has been

applied as an adjunct during cytoreductive surgery for

advanced ovarian cancer. The CUSA induces selective frag-

mentation to tissues with high water content, while tissues of

elastic fiber and collagen are relatively preserved.15

For each specific tumor nodule, tumor drilling was per-

formed with the aid of CUSA. Initially, drilling was made at

1 cm interval on the tumor surface and then deepened into the

tumor core, but not to jeopardize the underlying critical normal

tissues or organs (eg, bowels, great vessels, or bile ducts).

The procedure was performed with the intent to maximize

the therapeutic window of second-line IPCT. To this end, we
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induced multiple rounds of drilling on the tumor surface to

maximize the surface area exposing to chemotherapeutic agent

during the treatment of IPCT.

Second-Line IPCT

Within 2 weeks after tumor drilling procedure, 6 cycles of

assigned second-line IPCT were repeated every 3 weeks to

provide white cell count higher than 3000/mm3, the platelet

count higher than 80 000/mm3, and serum creatinine concen-

tration less than or equal to 2.0 mg/dL.

Two types of regimen were adopted at the discretion of

attending physician: either cisplatin (100 mg/m2, at day 1) or

cisplatin plus Taxol (cisplatin, 100 mg/m2 at day 1 and taxol,

60 mg/m2 at day 8, respectively) was administered. Both types

of regimen share a common intravenous delivery of Taxol

135 mg/m2 at day 1. In each cycle of chemotherapy, every

patient would receive a physical examination, complete blood

count, biochemical profile, tumor marker CA-125, and 24-hour

urine collection for the measurement of creatinine clearance

rate. One month after the last cycle of IPCT, tumor size was

evaluated by image studies including chest film, whole abdom-

inal sonography, and CT scan (or MRI).

Safety Evaluation

The effects of treatment-related toxicities in the cohort group

were evaluated according to the National Cancer Institute

Common Terminology Criteria for Adverse Events (v4.0;

http://ctep.cancer.gov/). Toxicity profiles such as hematologi-

cal, cardiovascular, renal, thromboembolic events, metabolic

events, and neurological profiles were recorded. In addition,

intraperitoneal (IP) catheter-related complications, including

infection and obstruction, were also measured during the

courses of treatment.

Statistical Analysis

In this study, we used propensity score matching technique (1:1

matching) to select matched patients between the cohort group

and the comparison group. Patients in the comparison group

had to meet the following criteria, including (1) between the

ages of 20 and 80, (2) �1 GOG performance score, and

(3) received second-line systemic chemotherapy.

For the matching procedure, we performed a 2-step anal-

ysis. In step 1, we used 5 conditioning variables, including

age, body mass index, GOG performance score, Charlson

comorbidity index, and category of platinum sensitivity to

develop propensity scores. In step 2, we used an algorithm

of the nearest-neighbor matching within a specified caliper

distance (0.25s in the current study; s, standard deviation

of logit of propensity score) without replacement to create

matched samples.16,17

Progression-free survival and overall survival are depicted

according to the method of Kaplan and Meier, and the

curves were compared with by the log-rank test. All analy-

ses were performed using STATA SE version 14 (Stata

Corp, College Station, Texas); P < .05 was considered sta-

tistically significant.

Results

The process of selection of the cohort group and matching to

the comparison group is presented. Initially, 118 patients were

Figure 1. Flowchart describing the selection process of recruited patients.
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identified. In the first round of screening, patients who met the

defined criteria, including those with a missing surgical record

(n ¼ 4), missing follow-up data (n ¼7), and missing patholo-

gical data (n ¼ 2), were excluded. The remaining patients

(n ¼ 105) then entered the next round of screening. Those

who met the following defined criteria were further excluded,

including those with other cancers (n ¼ 3), non-cancer-

specific deaths (n ¼ 6), and age <20 or >80 years (n ¼ 9).

The remaining patients (n ¼ 87) who received tumor drilling

and second-line IPCT formed the cohort group. Concurrently,

108 patients who received second-line systemic chemother-

apy constituted the comparison group. After propensity

score matching, 85 patients in each group entered into final

analysis (Figure 1).

Next, the demographics and clinical characteristics of the

recruited patients were conducted before and after propensity

score matching. Before matching, several variables, including age,

GOG performance score, histologic grade, numbers of previous

chemotherapy regimen, Charlson comorbidity index, and plati-

num sensitivity, showed an imbalanced distribution. However,

after matching, all relevant variables were well balanced (Table 1).

The schematic diagram of procedure for tumor drilling on

the tumor nodule by CUSA and the gradual shrinkage of tumor

size after IPCT is shown in Figure 2. The depth of tumor

drilling was formed as deep as possible with the aim to max-

imize the surface exposure area during IPCT, but not to jeo-

pardize the underlying critical normal tissues (eg, bowels, great

vessels, bile duct).

Table 1. Clinical Characteristics of Eligible Patients Before and After Propensity Score Matching.

Before Matching After Matchinga

Cohort
Group (n ¼ 87)

Comparison
Group (n ¼ 108) P Value

Cohort
Group (n ¼ 85)

Comparison
Group (n ¼ 85) P Value

Age (mean [SD]) 50.5 (4.6) 54.8 (6.8) .028 52.8 (4.7) 53.1 (4.5) .231
BMI
�18.5 8 (9.20%) 11 (10.19%) 8 (9.41%) 5 (5.88%)
18.6-24.9 61 (70.11%) 73 (67.59%) 60 (70.59%) 61 (71.76%)
25.0-29.9 15 (17.24%) 19 (17.59%) 14 (16.47%) 16 (18.82%)
�30.0 3 (3.45%) 5 (4.63%) 3 (3.53%) 3 (3.53%)

.637 .649
GOG Performance

0 or 1 69 (79.31%) 81 (75.00%) 68 (80.00%) 71 (83.53%)
�2 18 (20.69%) 27 (25.00%) 17 (20.00%) 14 (16.47%)

.017 .327
Grade

1 5 (5.75%) 8 (7.41%) 4 (4.71%) 3 (3.53%)
2 66 (75.86%) 77 (71.30%) 65 (76.47%) 63 (74.12%)
3 16 (18.39%) 23 (21.30%) 16 (18.82%) 19 (22.35%)

.552 .228
Histology

Serous 42 (48.28%) 53 (49.07%) 42 (49.41%) 46 (45.12%)
Mucinous 11 (12.64%) 17 (15.74%) 11 (12.94%) 12 (14.12%)
Endometrioid 6 (6.90%) 13 (12.04%) 6 (7.06%) 8 (9.41%)
Clear cell 16 (18.39%) 19 (17.59%) 15 (17.65%) 13 (15.29%)
Mixed type 12 (13.79%) 6 (5.56%) 11 (12.94%) 6 (7.06%)

.017 .454
Numbers of prior chemotherapy before

secondary CRS
1 66 (75.86%) 77 (71.30%) 64 (75.29%) 62 (72.94%)
�2 21 (24.14%) 31 (28.70%) 21 (24.71%) 23 (27.06%)

.041 .337
Charlson comorbidity index

0 70 (80.46%) 82 (75.93%) 70 (82.35%) 72 (84.71%)
�1 17 (19.54%) 26 (24.07%) 15 (17.65%) 13 (15.29%)

.008 .662
Platinum sensitivity

Platinum-refractory 12 (13.79%) 19 (17.59%) 12 (14.12%) 12 (14.12%)
Platinum-resistant 24 (27.59%) 32 (29.63%) 22 (25.88%) 20 (23.53%)
Platinum-sensitive 51 (58.62%) 57 (52.78%) 51 (60.00%) 53 (62.35%)

.004 .552

Abbreviations: BMI, body mass index; CRS, secondary cytoreduction; SD, standard deviation.
aUse nearest 1:1 matching with caliper ¼ 0.25s as a matching algorithm (s ¼ standard deviation of logit of propensity score).
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Further, Kaplan-Meier progression-free survival and overall

survival were constructed for the cohort group and the compar-

ison group, respectively. The median progression-free survival

was 7.3 months (95% confidence interval [CI], 6.2-7.8) for the

cohort group versus 4.1 months (95% CI, 4.0-4.3) for the

comparison group (hazard ratio ¼ 0.25 [95% CI, 0.17-0.36];

P < .001, by log-rank test; Figure 3). The median overall

survival was 33.6 months (32.1-36.6) for the cohort group

versus 25.9 months (20.5-26.9) for the comparison group

(hazard ratio ¼ 0.33 [95% CI, 0.23-0.48]; P < .001, by log-

rank test; Figure 4).

The completion rate of 6 cycles of IPCT reached 69%
(59 of 85). Grade 3/4 toxicities during second-line IPCT

are presented in Figure 5. The most commonly observed

toxicity was of gastrointestinal origin (51.7%). Toxicities

that involved hematological, cardiovascular, neurological,

Figure 2. Schematic diagram depicting the process of tumor regression induced by tumor drilling and second-line intraperitoneal che-
motherapy. A, Tumor drilling induced by CUSA. Destruction of tumor core is a key step in this procedure. B, Implementation of intraperitoneal
chemotherapy. Purple dots indicate chemotherapeutic agents. C, Tumor nodule starts to shrink in size. D, Complete regression of tumor
nodule. CUSA indicates Cavitron Ultrasonic Surgical Aspirator.

Figure 3. Kaplan-Meier progression-free survival for the comparison
between the cohort group (tumor drillingþ IP chemotherapy) and the
comparison group (systemic chemotherapy). IP indicates
intraperitoneal.

Figure 4. Kaplan-Meier overall survival for the comparison between
the cohort group (tumor drilling þ IP chemotherapy) and the com-
parison group (systemic chemotherapy). IP indicates intraperitoneal.
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and catheter-related complications were not different from

those that were published in reports of IPCT for ovarian

cancer.8-10

Discussion

In this study, our data showed that patients who were diagnosed

with recurrent epithelial ovarian cancer, tubal cancer, or peri-

toneal cancer could be more effectively treated with the aid of

CUSA-induced tumor drilling followed by second-line IPCT as

compared with those who only receive current standard

second-line systemic chemotherapy. Both progression-free sur-

vival and overall survival reached statistical significance.

Recently, the HECTOR trial has revealed that all current

standard second-line regimens show equal antitumor efficacy.

Therefore, it is imperative to develop a novel strategy to treat

recurrent disease. Over the past 5 years, trials have been con-

ducted with some new chemotherapeutic agents in patients

with recurrent disease. Examples of those drugs include the

epothilones and pemetrexed.18,19 Nevertheless, none of these

investigations have led to the licensing of a new drug in the

treatment of recurrent disease. Moreover, development of tar-

geted therapy for ovarian cancer also faces limited success.

Although bevacizumab, an anti–vascular endothelial growth

factor antibody, confers improved progression-free survival for

both platinum-sensitive and platinum-resistant diseases, it has

failed to demonstrate improved overall survival for both set-

tings of disease.20,21

Since the development of systemic delivery of therapeutic

agents in recurrent ovarian cancer faces limited success, it is

reasonable to conduct a novel strategy. That is, shifting the

delivery route to IP delivery is worthy of consideration, due

to the fact that most recurrent sites are still confined in the

peritoneal cavity.22,23

Strategies for the treatment of recurrent ovarian cancer must

contend with the obstacle of drug resistance. Recent studies

have indicated an enriched population of cancer stem cells in

patients with recurrent disease as compared to those with pri-

mary disease. For example, an increased percentage of cancer

stem cells have been noted in the ascites of patients with first

recurrence after frontline therapy in comparison with the

ascites of chemonaive patients.24 Further, surgical samples

from patients with recurrent disease demonstrated higher den-

sity of cancer stem cells.25 In preclinical studies, IPCT has been

shown to eradicate cancer stem cells more effectively than

systemic chemotherapy.26,27

Of note, to the best of our knowledge, tumor drilling has

never been reported in the treatment of cancer. This technique

was derived from the clinical practice of “ovarian drilling” for

the treatment of polycystic ovarian syndrome, which has been

reported to potentiate the sensitivity of the ovaries toward clo-

miphene citrate and follicular-stimulating hormone for induc-

tion of ovarian follicles.28,29 In reality, we did not exactly

understand the true reason behind the potential effect of tumor

drilling in IPCT; however, there are 2 candidate factors. First,

tumor drilling could increase tumor exposure area, which has

been proven as a critical factor for IPCT to be effective.30

Second, tumor drilling is able to directly destruct the

so-called “hypoxic core” in tumor nodule. The core of solid

tumors is highly hypoxic due to compromised blood circula-

tion, and this hypoxia is considered to be a major contributor to

drug resistance.31,32

We also analyzed grade 3/4 toxicities during second-line

IPCT and the most commonly observed toxicity was of gastro-

intestinal origin (51.7%). These toxic events may be attributed

to the higher dose of cisplatin in the IP therapy group that

capillary uptake of cisplatin from peritoneal surfaces is slow

and incomplete resulting in systemic prolonged exposure.9,33

According to Francis et al’s study, IP paclitaxel persists in the

peritoneum for 1 week after IP administration, suggesting that

peritoneal clearance is very slow.34 Mechanism of gastrointest-

inal toxic events remains still unclear. Possible explanation for

gastrointestinal toxicity could be mechanical damage of IP

catheter to intestinal surfaces, suctioning effect of the outflow

catheter, subclinical surgical complications with impaired host

defense, and repair mechanisms.

However, there are several limitations in the current study.

First of all, some patient-level information is missing. For exam-

ple, socioeconomic factors have been shown to be associated

with cancer-specific mortality, and the lack of this variable may

bias the reliability of balance between the cohort group and the

comparison group.35 Next, the event of tumor recurrence may

not be accurately detected due to the lack of well-defined follow-

up imaging studies. Last but not least, the propensity score-

matched samples may not be representative of the original study

population and may compromise the external validity.36

Conclusions

In this matched retrospective cohort study, we demonstrate

that, with the aid of CUSA, tumor drilling followed by

second-line IPCT may confer a survival advantage over current

standard second-line systemic chemotherapy in the treatment

of recurrent ovarian cancer. This finding may change the treat-

ment outlook for this intractable disease. In the future, larger

Figure 5. Grade 3/4 toxicities during second-line intraperitoneal
chemotherapy.
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multi-institutional studies are justified to confirm the valid

potential of this novel strategy.
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