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Abstract
Objectives—To determine the maximum tolerated dose and dose-limiting toxicity (DLT) of
whole abdomen radiation as a chemosensitizer of weekly docetaxel for women with recurrent
epithelial ovarian fallopian tube, or peritoneal cancers.

Patients and methods—Women were enrolled on one of three dose levels of docetaxel (20,
25, or 30 mg/m2) administered weekly with concurrent low dose whole abdominal radiation given
as 60 cGy bid two days weekly for a total of 6 weeks.

Results—Thirteen women were enrolled and received 70 weekly treatments of docetaxel in
combination with radiation therapy. At the first dose level, docetaxel 25 mg/m2, grade 3 fatigue
and thrombocytopenia were observed. At the next dose level, docetaxel 30 mg/m2, grade 3 febrile
neutropenia, grade 4 thrombocytopenia with epistaxis and grade 3 diarrhea were observed. Given
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these dose-limiting toxicities, a lower dose of docetaxel 20 mg/m2 was administered and found to
be tolerable. No objective responses were observed among the 10 patients with measurable
disease; however, the median progression-free survival (PFS) in all patients was 3.3 months, and 3
of the patients with measurable disease were free of tumor progression after 6 months (30%; 90%
Confidence Interval 8.7–61%).

Conclusions—Twice weekly low dose whole abdomen radiation during weekly docetaxel 20
mg/m2 was well-tolerated. Given the PFS demonstrated in these women with resistant ovarian
cancer, further study of whole abdominal radiation and concurrent chemotherapy may be
warranted.

Keywords
Ovarian cancer; Docetaxel; Abdominal radiation; Chemosensitizer

INTRODUCTION
In 2009, it is estimated that 21,550 women will be diagnosed and 14,600 women will die of
epithelial ovarian cancer in the United States [1]. Despite aggressive primary therapy with
debulking surgery followed by platinum and taxane chemotherapy, disease recurs in most
women [2]. Chemotherapeutic agents administered to treat this recurrence include the
semisynthetic taxane, docetaxel. Docetaxel promotes tubulin assembly and stabilizes
microtubules, suggesting an antitumor cytotoxic effect during the G2/M phase of the cell
cycle [3,4]. Clinical response rates of docetaxel in women with the persistent or recurrent
disease setting are 22 to 28 % [5–8]. The Gynecologic Oncology Group (GOG) noted a 22%
clinical response rate to docetaxel in women with paclitaxel-resistant ovarian and peritoneal
cancer who had recurrence within 3 months of completion of paclitaxel and carboplatin [8].
As such, docetaxel is active in paclitaxel-resistant ovarian and peritoneal cancer, but
whether other therapeutics may improve upon its antitumor drug effect remains uncertain.

Abdominopelvic radiation has been shown to sterilize ovarian and peritoneal cancers, as a
consequence of relatively high intrinsic ovarian or peritoneal cell radiosensitivity [9–13].
Despite radiation targeting the whole abdomen (i.e., 2250 to 3000 cGy) and pelvis (i.e.,
pelvic dose of 4500 to 5000cGy) for treatment of women with suboptimal cytoreductive
surgery, intraperitoneal disease persisted in 41 and 44% of women five years after treatment
[14,15]. Yet, the use of radiation for intraperitoneal spread of ovarian cancer disease has
been limited secondary to radiation-mediated acute toxicities of nausea, emesis, diarrhea,
and chronic bowel injury, and treatment delaying myelosuppression [10–15]. Radiation-
mediated toxicities are exacerbated if full-dose cisplatin and paclitaxel chemotherapies are
added to treatment together or in sequence [10–13].

In preclinical experiments, low-dose radiation (50 cGy X 4 fractions) enhanced p53-mutated
colon cancer cytotoxicity as compared to single fraction (200 cGy) radiation [16]. Enhanced
cytotoxicity is speculated to occur from first dose fraction arrest of cells in the radiosensitive
G2/M phase of the cell cycle and subsequent low dose fractions resulting in cell cytotoxicity
[17]. Given that the cytotoxicity of docetaxel is enhanced in G2/M phase cells, we
hypothesized that fractionated whole abdominal radiation, through its G2/M phase
synchronization, may enhance the sensitivity of ovarian and peritoneal cancers to docetaxel
with an acceptable toxicity profile. Therefore, the GOG performed a phase I study using low
dose whole abdominal radiotherapy as a docetaxel chemosensitizer in women with persistent
or recurrent advanced ovarian, peritoneal, or fallopian tube cancer. In this study, docetaxel
was chosen for dose escalation due to its modest anticancer effect upon chemoresistant
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ovarian and peritoneal cancers. In GOG-9915, the maximum tolerated dose and dose-
limiting toxicities on this regimen were evaluated.

PATIENTS AND METHODS
Eligibility criteria

Patients ≥18 years of age were eligible if they had persistent or recurrent histologically or
cytologically confirmed diagnosis of advanced epithelial ovarian carcinoma, peritoneal
carcinoma, or fallopian tube carcinoma following first or subsequent relapse after taxane and
platinum-based chemotherapy. All patients had a GOG performance status of 0 or 1, and
measurable disease was not required. Laboratory criteria for eligibility included an absolute
neutrophil count (ANC) ≥ 1,500/mcL, platelet count ≥ 100,000/mcL, white blood count ≥
3,000/mcL, creatinine ≤ 1.5 times upper limit of normal (ULN), bilirubin ≤ 1.5 times ULN,
alanine transaminase and aspartate transaminase ≤ 2.5 times ULN, and neuropathy (sensory
and motor) ≤ grade 1 using the National Cancer Institute Common Toxicity Criteria version
2.0 (NCI CTC v2). Patients with ureteral obstruction were eligible if a stent or nephrostomy
tube was placed prior to study entry. Women of child bearing potential could not be nursing
or pregnant and had to be using an acceptable method of contraception. Patients were
ineligible if they received prior radiation to the pelvis or abdomen. All patients gave written
informed consent before study entry in compliance with institutional, state, and federal
regulations.

Treatment
Patients received docetaxel (Taxotere®, Aventis Pharmaceuticals, Bridgewater, NJ) as a 30-
minute intravenous infusion at one of 3 dose levels: 20, 25, 30 mg/m2 on days 1, 8, 15, 22,
29, 36. The initial docetaxel dose level (25 mg/m2) was designed to be 50 percent of the
phase 1 maximum tolerated dose estimated by Briasoulis and colleagues [18]. Intravenous
dexamethasone 10 mg and/or anti-emetic were administered 0.5-1 h prior to each therapy.
Low dose whole abdominal radiation therapy (LDWART) was administered during or
within one hour after the completion of the docetaxel infusion for each of the six weeks of
docetaxel therapy. LDWART was delivered by megavoltage equipment (6–25 MV) at dose
rates of 200 to 300 cGy per minute at the midplane with a minimum source to skin distance
of 80 cm. Treatment was given at 60 cGy fractions, twice daily for two days, with a
minimum of 4 h interfraction interval, starting on day 1 of each chemotherapy cycle.
Anterior-posterior and posterior-anterior fields encompassed superiorly one centimeter
above the dome of the diaphragm at the patient’s maximum comfortable expiration and
inferiorly either the inferior border of obturator foramina or 2 cm below the lowest extent of
disease.

Evaluation of toxicity, dose modifications, and assessment of response
Patients were eligible to continue treatment unless there was evidence of unacceptable
toxicity or progressive disease. Toxicities were graded in accordance with the NCI CTC v2.
Dose-limiting toxicities were identified by the highest graded toxicity observed during any
of the six treatment cycles or within four weeks following completion of treatment. Dose-
limiting toxicities (DLT) were defined as grade 4 neutropenia (ANC < 500/mcL) without
fever of >7 days, grade 3 or 4 neutropenia (ANC <1,000/mcL) of any duration associated
with fever (≥38.5° C) requiring antibiotics, grade 4 thrombocytopenia (platelets ≤10,000/
mcL), grade 3 or 4 thrombocytopenia (platelets ≤50,000/mcL) associated with bleeding
requiring platelet transfusion, grade 3 or higher non-hematological toxicity (excluding
nausea and vomiting reduced to grade 1 <48 hours or diarrhea reduced to grade 1 <6 days),
or any treatment-related toxicity causing a delay of >14 days.
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Dose modifications for docetaxel included dose delays and reductions. Docetaxel and
radiation were delayed if any of the following toxicities were present on the day of
treatment: ANC <500/mcL without fever of >7 days duration, ANC <1,000/mcL with fever
requiring antibiotics, platelet count <50,000/mcL with bleeding requiring platelet transfusion
or <10,000/mcL, increase of >1 grade from baseline bilirubin, alanine transaminase, and/or
aspartate transaminase, and any grade 3 non-hematologic toxicities excluding nausea and
vomiting. Treatment was resumed when toxicities recovered to the following values: ANC
≥1,500/mcL, platelet count ≥100,000/mcL, LFT(s) within one grade of the baseline
value(s), and resolution of grade 3 non-hematologic toxicities to ≤ grade 1. Docetaxel was
reduced one dose level for any delay in treatment due to hematologic toxicity. Treatment
delays of up to two weeks were allowed for recovery of toxicities, and patients were
removed from study for delays greater than two weeks.

Antitumor response was evaluated by physical examination and/or imaging pre-study, one-
month post-treatment, and every three months of post-treatment follow-up. Responses were
defined by Response Evaluation Criteria in Solid Tumors (RECIST) [19].

Statistical considerations
The primary objective of this dose finding study was to identify the maximum tolerated dose
(MTD) and its associated acute toxicities of weekly docetaxel with concurrent radiation
therapy. Acute toxicity was defined by events having onset during or within 30 days of
completing therapy. A dose-escalation trial of weekly docetaxel dose with whole abdomen
radiation dose was designed. A cohort of three patients were treated at each dose level of
docetaxel and if they successfully completed radiation therapy and 6 weekly treatments of
docetaxel followed by four weeks of follow-up without a DLT, dose escalation continued. If
a dose-limiting toxicity occurred in one of the three patients treated at a given dose level, up
to three additional patients were treated at that dose level. If two patients at any dose level
experienced a DLT, enrollment at this dose level would be terminated; in this case, an
additional three patients would be entered at the previous dose if only three patients had
previously been entered at that dose level to be sure that no more than one patient in six
experiences a DLT. If two or more patients experience a DLT, de-escalation would
continue. The maximum tolerated dose (MTD) of weekly docetaxel and low dose whole
abdomen radiation was defined as the highest dose level where less than or equal to one out
of six patients experienced a dose-limiting toxicity. Secondary endpoints included objective
tumor response by RECIST and PFS. Time at risk for disease progression or death was
measured from the date of study entry. Since patients were followed for no more than one
year, overall survival for patients was not characterized in this study. It was anticipated that
the primary dose-limiting toxicities would be hematologic, with modifications in docetaxel
dose considered when dose-limiting events became apparent as described above.

RESULTS
Patient characteristics

Thirteen eligible patients were enrolled from June 2004 to June 2008. Characteristics of
those enrolled are summarized in Table 1. All patients had received at least one prior
chemotherapy regimen, and all 13 patients had received a taxane.

Treatment and toxicities
Thirteen patients received 70 cycles (median, 6 cycles) of treatment, and all were evaluable
for toxicity. Eleven patients were evaluable for dose-limiting toxicities over the full course
of treatment (3 patients on dose level 1, 2 patients on dose level 2, and 6 patients on dose
level -1). Two patients had disease-related symptomatic deterioration, which, in the opinion
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of the investigator, indicated that further radiation and docetaxel therapy was not in the best
interest of the patient. One experienced disease-related small bowel obstruction and
subsequent septicemia after the third cycle of study therapy, and was subsequently taken off
study. The other patient withdrew consent for study therapy because of quality-of-life
impairing dyspnea from progressive chest disease and her desire for palliative chest
radiation.

At dose level 1 (docetaxel 25 mg/m2), four patients were treated, and three completed
therapy. One patient did not complete treatment due to progressive disease. Two patients
each experienced grade 3 fatigue. In addition, one of these patients experienced grade 3
thrombocytopenia without bleeding following completion of therapy. Though all grade 3
non-hematologic toxicities (excluding nausea and vomiting reduced to grade 1 <48 hours or
diarrhea reduced to grade 1 <6 days) were written in this protocol to be dose-limiting, it was
felt that grade 3 fatigue should not be dose-limiting given the nature of this treatment.
Therefore, dose escalation occurred. At dose level 2 (docetaxel 30 mg/m2), two patients
were treated, both of whom completed therapy. One patient experienced grade 4
thrombocytopenia, grade 3 hemorrhage (epistaxis), and grade 3 febrile neutropenia. One
patient experienced grade 3 diarrhea. Given the toxicities at both dose levels, the protocol
was amended adding dose level −1 (docetaxel 20 mg/m2), and 7 patients were treated at this
level with one out of 7 patients experiencing a DLT. The first two patients completed
therapy without any dose-limiting toxicities. The first patient did have a week delay in the
fourth week and again in the seventh week of treatment due to grade 1 thrombocytopenia.
The third patient did not complete treatment due to progressive disease, did not have a DLT,
and was thus replaced; the fourth patient experienced dose-limiting toxicity as she was not
able to receive her sixth and final week of docetaxel and radiation due to grade 3
thrombocytopenia lasting greater than 14 days. Given this DLT, 3 more patients were
accrued at this dose level as per protocol. The first of the three additional patients had grade
2 thrombocytopenia on week 3 of treatment and had a 14 day delay before proceeding with
week 4. The second and third of the three additional patients each had a week delay, one due
to grade 4 neutropenia (week 6) and the other due to grade 1 thrombocytopenia (week 4).
None of these toxicities were dose-limiting, and therefore, dose level -1 was deemed the
maximum tolerated dose.

Table 2 represents the highest toxicity grade for the treatment-related toxicities of the
thirteen patients treated on this study. All patients experienced hematological toxicities, and
the majority were grade 1 or 2. Thrombocytopenia, the most frequent hematological toxicity
observed, was dose-limiting in patients at each of the dose levels as noted above. Six
patients (four at docetaxel 20 mg/m2 and two at docetaxel 30 mg/m2) had 8 treatment cycles
held due to hematological toxicity, resulting in a dose reduction of docetaxel in four
patients. This toxicity first occurred after cycle 3 in five of these patients, and only one had a
treatment delay greater than one week. The most common non-hematologic toxicities were
grades 1 or 2 fatigue, diarrhea, nausea/vomiting and arthralgia/myalgia (Table 2). Grade 3
fatigue and diarrhea were observed and were dose-limiting as noted above.

Secondary Endpoints
The median duration of PFS for all patients enrolled was 3.3 months (90% C.I. 1.4 − 6.2
months). Ten of thirteen patients had measurable disease at the time of study entry. No
clinical or radiographic complete or partial responses were recorded. Six and four of the
measurable patients had stable disease and progressive disease, respectfully. Three of the 10
patients with measurable disease survived progression-free for at least 6 months. Two of
these 3 patients had no further treatment until progression by RECIST criteria or death. One
of these patients was noted to have an elevation in the CA 125 with no measurable disease
and began chemotherapy 2.3 months after study entry because of this elevation. Of the three
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patients with non-measurable disease, one patient experienced recurrence-free survival of
21.2 months. This patient received 8 cycles of carboplatin and paclitaxel chemotherapy
following surgical debulking and had persistent disease by PET scan with an elevation of the
CA 125 (56.9 U/ml). Following study treatment, this patient’s CA 125 normalized and there
was no evidence of disease for almost 2 years at which time patient received further
chemotherapy.

DISCUSSION
Epithelial ovarian cancer is known to be a chemosensitive disease with initial response rates
to systemic therapy exceeding 80% following cytoreductive surgery. However,
intraperitoneal persistence or recurrence of disease after chemotherapy remains a significant
impediment to the cure of this disease. In women with recurrent ovarian and peritoneal
cancer, the taxane derivative, docetaxel, has shown clinical activity and a favorable toxicity
profile [8–11]. This Phase I study determined the MTD to be intravenous docetaxel 20 mg/
m2 administered once a week concurrently with twice daily low-dose whole abdomen
radiation administered twice a week for 6 weeks. Although our selection of initial docetaxel
dose levels appeared conservative, the incidence of hematological toxicity, especially
thrombocytopenia, did not allow for dose escalation. Toxicity emerged by the third
treatment week. Even at the MTD, docetaxel administered weekly at 20 mg/m2 concurrently
with LDWART was safely administered with acceptable hematological toxicity, but was
still associated commonly with one-week treatment delays. The longest duration of stable
disease (21.2 months) was achieved after abdominal radiation and docetaxel administered
weekly at 30 mg/m2.

The concept of low-dose radiation as a chemosensitizer has precedent. A previous phase II
study conducted in patients with squamous cell carcinomas of the head and neck was
undertaken with low-dose fractionated radiation (four 80 cGy fractions, two each on days 1
and 2, 22 and 23) given during two cycles of carboplatin (area under the curve of 6) plus
paclitaxel (225 mg/m2 over 24 hrs) chemotherapy [20]. Among the 40 patients treated,
radiation and chemotherapy were well-tolerated with manageable hematological, skin, and
pulmonary toxicity. Complete or partial responses were recorded in 35 of 39 (90%)
evaluable patients. In our current study, we have tested further the concept of low-dose
radiation promoting docetaxel-related cytotoxicity. While it is difficult to ascertain whether
the expected radiobiological effect of radiation-mediated G2/M arrest enhancing docetaxel
cytotoxicity actually occurred, treatment did result in stable disease for 6 patients (out of 10
measurable) who were previously treated with a taxane. These results suggest low-dose
radiation and docetaxel treatment may be a reasonable treatment option for women with
recurrent ovarian or peritoneal cancer and intraperitoneal disease progression.

There are exciting opportunities for implementing abdominopelvic radiation in patients with
paclitaxel-resistant ovarian or peritoneal cancer. Observational studies have suggested that
human oocytes and supporting epithelial ovarian cells are exquisitely sensitive to radiation,
with an estimated radiation dose of 2 to 6 Gy needed to sterilize cells [21,22]. And yet,
abdominopelvic radiation use has dwindled due to a perceived lack of efficacy and high
toxicity [23–25]. Our study indicated that weekly docetaxel chemotherapy administered at
20 mg/m2 with concurrent twice daily low-dose whole abdominopelvic radiation given twice
weekly was well-tolerated and indicated a possible chemosensitization effect. With
improvements in radiation delivery such as intensity-modulated and helical tomotherapy
radiation that lower the incidence of radiation-related adverse events, low-dose radiation
may serve as a meaningful therapeutic tool for restoring cancer cell sensitivity to anticancer
cytotoxic or targeted agents. Due to our observed stable disease in these women,
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translational clinical trials incorporating optimally-timed and sequenced low-dose radiation
with novel, targeted cancer therapeutics would be of considerable interest.

Research Highlights

• Radiotherapy as a chemosensitizer to docetaxel in the treatment of ovarian
cancer.

• Chemoradiation resulted in stable disease in women with recurrent ovarian
cancer.

• Radiotherapy with docetaxel is tolerable in women with recurrent ovarian
cancer.
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Table 1

Patient characteristics

Characteristic No. patients (n = 13)

Age (y)

 Median (range) 61 (38–74)

GOG performance status

 0 10

 1 3

Diagnosis

 Ovarian 10

 Peritoneal 3

Prior therapy

 Chemotherapy 13

  Mean no. regimens (range) 2 (1–5)

Abbreviation: GOG, Gynecologic Oncology Group.
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