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Abstract
Purpose—Toxicity concerns have limited pelvic nodal prescriptions to doses that may be
suboptimal for controlling microscopic disease. In a prospective trial, we tested whether image-
guided IMRT can safely deliver escalated nodal doses while treating the prostate with
hypofractionated radiotherapy in 5–1/2 weeks.

Methods and Materials—Pelvic nodal and prostatic image-guided IMRT was delivered to 53
NCCN high risk patients to a nodal dose of 56 Gy in 2 Gy fractions with concomitant treatment of
the prostate to 70 Gy in 28 fractions of 2.5 Gy, and 50 of 53 patients received androgen
deprivation for a median duration of 12 months.

Results—The median follow-up was 25.4 months (range 4.2–57.2). No early grade 3 (Gr3)
RTOG or CTCAE v.3.0 GU or GI toxicities were seen. The cumulative actuarial incidence of Gr2
early GU toxicity (primarily alpha blocker initiation) was 38%. The rate was 32% for Gr2 early GI
toxicity. None of the dose-volume descriptors correlated with GU toxicity, and only the volume of
bowel receiving ≥30 Gy correlated with early GI toxicity (p=0.029). Maximum late grades 1,2 and
3 GU toxicities were seen in in 30%, 25% and 2%, respectively. Maximum late grade 1 and 2 GI
toxicities were seen in 30% and 8% (rectal bleeding requiring cautery), respectively. The
estimated 3-year biochemical control (nadir + 2) was 81.2 ± 6.6%. No patient manifested pelvic
nodal failure, while two experienced para-aortic nodal failure outside the field. The 6 other clinical
failures were distant only.

Conclusions—Pelvic IMRT nodal dose escalation to 56 Gy was delivered concurrently with 70
Gy of hypofractionated prostate radiotherapy in a convenient, resource-efficient and well-tolerated
28 fraction schedule. Pelvic nodal dose escalation may be an option in any future exploration of
potential benefits of pelvic radiation therapy in high-risk prostate cancer patients.
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Introduction
The clinical benefit of pelvic nodal irradiation for prostate cancer has been difficult to
establish and is uncertain. While progression free survival benefit has been reported in
RTOG 94-13 at 5 year follow-up (1), an update of this study (2) and other other trials as well
(3, 4). have either shown only trends or have failed to demonstrate benefit using doses of
45–50.4 Gy. Salvage radiation data indicate improved biochemical control with increasing
doses to the 66–70 Gy range when targeting microscopic disease in the prostatic fossa (5, 6),
but prescribed pelvic nodal doses have been limited by toxicity concerns. Beyond well-
known difficulties in reliably selecting patients at high risk for nodal involvement, one
hypothesis for such uncertain benefit from pelvic radiotherapy is that contemporary doses
from 45–50.4 Gy are suboptimal for controlling microscopic disease.

Advances and techniques such as intensity modulated radiation therapy (IMRT), bowel
displacement techniques (7), and bladder filling can better facilitate limiting the dose to
small bowel while treating pelvic nodal basins. When using conventional fractionation for
the pelvic nodes and the prostate, two separate 3D conformal or IMRT plans must be
generated; however, one IMRT plan may direct the entire treatment if hypofractionated
radiotherapy is delivered to the prostate gland via a simultaneous integrated boost. Early
evidence also suggests that hypofractionated radiotherapy may confer some additional
advantage by increasing the therapeutic ratio due to a hypothesized low α/β ratio for
prostate cancer (8).

We therefore tested whether image-guided IMRT can safely deliver escalated nodal doses
while treating the prostate simultaneously with a hypofractionated schedule. We present a
dose-volume analysis of toxicities and preliminary biochemical control estimates in 53 high
pelvic nodal risk patients treated to a nodal dose of 56 Gy in 2 Gy fractions with
concomitant treatment of the prostate to 70 Gy in 2.5 Gy fractions, with the entire treatment
delivered in 28 fractions.

Methods and Materials
Patients with high risk prostate adenocarcinoma with prediction of ≥ 10% pelvic lymph node
involvement (9) were eligible for treatment on this phase I prospective protocol, approved
by the institutional review board of the University of Wisconsin Hospital. In addition, any
patient with radiographic evidence of pelvic lymph node involvement but absence of distal
metastases could be enrolled on the protocol. All patients had no evidence of distal
metastases on bone scan and CT of the abdomen and pelvis. Any patient with a history of
pelvic radiotherapy or prior malignancy diagnosed within the past 5 years other than non-
melanoma skin cancer was ineligible. Patients on full-dose anticoagulation or clopidogrel
were ineligible, although patients taking aspirin could be enrolled. A total of 53 patients
were enrolled.

Neoadjuvant, concurrent and adjuvant adcrogen deprivation therapy (ADT) using an LHRH
agonist without concurrent anti-androgen therapy was delivered to all except 9 patients for
between 6 and 24 month. Six patients refused androgen deprivation therapy or requested
early termination, while 3 others received between 25 and 28 months of ADT. The resultant
median duration of ADT was 12 months (Table 1).

At simulation, patients were placed in the prone position in a bowel displacement custom
mold (belly board) (7). The bladder was filled with 200 ml of diluted contrast after
placement of a Foley catheter. A rectal balloon (Radiadyne™, Houston, TX) was
subsequently placed to reduce prostatic motion and displace the posterior rectal wall from
higher dose regions. Intravenous contrast was administered before 2.5 mm axial CT images
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were obtained. Linear accelerator step-and-shoot IMRT treatment plans (n=5) were created
using the Pinnacle treatment-planning system (Philips Medical Systems, Andover, MA),
while TomoTherapy treated patients (n=48) were planned using its associated treatment
planning system (TomoTherapy, Inc., Middleton, Wisconsin).

Treatment consisted of 56 Gy delivered to pelvic lymph node basins with simultaneous
integrated hypofractionated treatment to the prostate gland to 70 Gy, all delivered in 28
fractions over 5.5 weeks. The prostate was outlined on the planning CT scan, and a 5 mm
expansion was added in all dimensions to generate the planning target volume (PTV), except
that the posterior expansion was limited to 3 mm. The seminal vesicle bases were treated to
70 Gy, and the treating physician could elect to assign the superior seminal vesicles to either
56 Gy or 70 Gy depending on risk of involvement.

The nodal target volume was initially defined by a method of conformal avoidance
described previously (10). Briefly, conformal avoidance target volumes were determined by
including tissues normally included in the standard four field beam arrangement; however,
small bowel, rectum, and bladder were contoured as avoidance structures. The superior
border of the four-field was the L5-S1 interspace, and the inferior border was the ischial
tuberosities. The AP and PA fields defined the lateral extent of the volume. Field edges were
lateral to the SI joints and the obturator foramina and otherwise remained 2 cm outside the
pelvic rim. The posterior border was behind the bony sacrum as inferiorly as S3 for
coverage of presacral nodes, and the rectum was split below S3. The anterior block was
defined by a line 1 cm anteriosuperior to an imaginary line from the sacral prominence to
the superior pubic symphysis, allowing at least a 1.5 cm margin anterior to the common and
external iliac vessels. The conformal avoidance nodal target volume was then contoured as
the structure formed by the intersection of all four beams minus the small bowel, sigmoid
colon, rectum, and bladder. Posteriorly, the contours were edited so that no volume extended
more than 1 cm into the sacrum. Inferiorly, the contours were edited to not fall below the
ischium. The space directly anterior to the bladder was also eliminated.

Over time, the nodal PTV was modified consistent with the Radiation Therapy Oncology
Group’s consensus recommendations (11). The nodal target volume was created using
vessel-based knowledge of lymph node drainage with inclusion of internal iliac, external
iliac, obturator, presacral and distal common iliac nodes. The pelvic lymph node PTV began
at the L5/S1 interspace at the level of the distal common iliac and proximal presacral lymph
nodes. The presacral lymph nodes were included from S1 through S3, with the posterior
border placed at the anterior sacrum and anterior border approximately 10 mm anterior to
the anterior sacral bone. The external iliac artery and vein served as the reference for
delineation of the external iliac basin, and a margin of 10 mm was allowed around the
vessels to define the PTV. The external iliac PTV extended from the bifurcation of the
common iliac vessels to the top of the femoral heads, which serve as the bony landmark for
the inguinal ligament. The internal iliac vessels were contoured with a 10 mm expansion and
both the internal and external iliac contours were connected on each slice, carving out
bowel, bladder, and bone. The region between the expanded internal and external iliac
vessels allowed for inclusion of the obturator nodes, and this volume was contoured to the
top of the pubic symphysis. Bowel, bladder, and bone were carved out of the nodal PTV
region.

Patients were followed at 1 month upon completion, every 3 months for one year post-
treatment, every 4 months during years 2–3, every 6 months during years 4–5, and then
annually. PSA values were obtained at each visit, along with assessments for toxicity. CT
and bone scans during follow-up were not routinely performed, but only carried out in the
context of rising PSA’s. Toxicity was graded per the NCI-CTC v.3.0 grading criteria
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Biochemical control was measured using the “nadir + 2” definition (12). Freedom from
clinical failure accounted for any clinical recurrence including locoregional or distant
recurrence, but death from other causes was censored. PSA failure alone was not considered
an event in the actuarial analysis of freedom from clinical failure.

Early toxicities were defined as those occurring during or within 3 months of completing
radiation therapy. The association between grade of early effects and dose-volume
descriptors was tested using Spearman’s rank correlation coefficient. The Cox Proportional
Hazards model was used to test associations between late effects and dose-volume
descriptors. Two-tailed P values less than .05 were considered statistically significant. All
data were examined using SPSS (version 16.0, SPSS, Inc, Chicago, IL).

Results
Between August 2004 and September 2008, a total of 53 patients were treated. Fifty patients
received androgen deprivation for a median duration of 12 months (range 3–28 months),
with three patients not so treated due to patient refusal. Patient characteristics are detailed in
Table 1. The dosimetric parameters achieved using IMRT to spare organs at risk are detailed
in Table 2. Median follow-up was 25.4 months (range 4.2–57.2 months).

Acute Toxicity
Acute GU toxicities were grade 0 in 6 (11%), grade 1 in 27 (51%), and grade 2 in 20
patients (38%). All grade 2 GU toxicities involved initiation of either alpha blocker or anti-
cholinergic medications. Pearson and Spearman’s correlations were performed for
correlation of GU toxicity with absolute volume and percent of bladder receiving ≥ 45 Gy, ≥
60 Gy, and ≥ 70 Gy. Early GU toxicity demonstrated no statistical correlation with these
dosimetric parameters. Acute GI toxicities were grade 0 in 9 (17%), grade 1 in 27 (51%),
and grade 2 in 17 patients (32%). Grade 2 GI toxicities related to increased bowel frequency
requiring anti-diarrheal medications. Pearson and Spearman’s correlations were performed
for correlation of GI toxicity with absolute volume and percent small bowel receiving ≥ 30
Gy, ≥ 40 Gy, ≥ 45 Gy, ≥ 50 Gy, and ≥ 60 Gy as well as absolute volume and percent rectum
receiving ≥ 50 Gy, ≥ 60 Gy, and ≥ 70 Gy. Early GI toxicity demonstrated statistically
significant correlation only with the absolute volume of small bowel receiving ≥ 30 Gy
(r=0.322, p=0.029; ρ =0.335, p=0.023). Mean weight loss during treatment was 0.6% (range
0–6.4%). No patient developed grade 3 or greater acute toxicity.

Late Toxicity
Maximum late GU toxicities were grade 0 in 23 (43%), grade 1 in 16 (30%), grade 2 in 13
(25%), and grade 3 in 1 patient (2%). The single late grade 3 GU toxicity occurred in a
patient who developed urinary retention 7 months after completion of radiotherapy,
requiring Foley catheter placement for 26 days with acute renal failure. His obstruction
subsequently resolved with alpha-blocker maintenance, and his renal function normalized.
As shown in Figure 1, the prevalence of late GU toxicity ≥ grade 2 was lower than 20% over
the duration of follow-up. Maximum late GI toxicities were grade 0 in 33 (62%), grade 1 in
16 (30%), and grade 2 in 4 patients (8%). The prevalence of late GI toxicity ≥ grade 2 was
lower than 10% over the duration of follow-up, as demonstrated in Figure 2. All late grade 2
GI toxicities consisted of rectal bleeding requiring no more than 2 argon laser procedures.
There was no statistical correlation of the dosimetric parameters included in Table 2 with
late GU or late GI toxicity.
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Patterns of Failure
The preliminary biochemical control estimate using the nadir + 2 definition was 81.2% at 3
years (95% CI: 74.6%–87.8%), as shown in Figure 3. At a median follow-up of 25.4
months, three deaths have occurred, all from other malignancies including pancreatic cancer,
bladder cancer, and multiple myeloma. No patient developed pelvic nodal failure, although
two patients manifested peri-aortic nodal failure outside the treatment volumes. One of the
patients with peri-aortic nodal failure had pre-treatment radiographic evidence of pelvic
nodal metastases (clinical stage T3b N1 M0); he manifested concurrent seminal vesicle
failure in a region of initial disease but had no evidence of pelvic nodal failure. The other 3
patients with N1 disease have not clinically failed. There were no additional local failures
detected either by digital rectal exam or by imaging. Six patients developed bone metastases.
The estimated freedom from clinical failure at 3 years was 83.1% (95% CI: 76.7%–89.5%).

Discussion
Pelvic nodal irradiation, delivered with various schedules of androgen deprivation therapy,
has been the historic standard for locally advanced prostate cancer (13–16). The two
minimum requirements for clinical benefit from pelvic radiotherapy are the selection of
patients at sufficiently high risk for nodal metastatic involvement and the safe delivery of
radiation doses sufficiently high to sterilize nodal metastases.

There are a number of models that estimate the risk of pelvic nodal involvement (17–21),
many of which may underestimate such risk, given their reliance on nodal pathology from
limited rather than extended lymph node dissections. Extended pelvic lymph node
dissections have revealed that nodal involvement is often not contiguous (22, 23), whereas
limited lymphadenectomy usually results in sampling of only obturator and external iliac
lymph nodes. Higher rates of nodal positivity have been reported with extended lymph node
dissections compared to historical standard node dissections (23, 24), leading some to
recommend extended dissection including internal iliac, external iliac, obturator, and
presacral regions in patients with clinical parameters that place them at higher risk (22–26).
While one randomized trial failed to demonstrate increased nodal positivity when comparing
extended to standard dissection, the study included largely low risk patients, and only 6.5%
of all patients were found to have pathologically involved nodes (27).

Conversely, there is evidence for model overestimation as well. An analysis of the
Surveillance, Epidemiology, and End Results Registry (SEER) 2004 database suggested that
the Roach formula overestimates pelvic lymph node risk by a factor of 16 for patients with
Roach score ≤ 10%, 7 for Roach score 10–20%, and 2.5 for Roach score > 20%. This
analysis, however, was based on a population of almost exclusively cT1/2 patients who had
a median of only 5 nodes surgically removed, and the overall rate of involved nodes was
only 3.29% (28).

Thus, failure of randomized trials to demonstrate long-term efficacy of nodal irradiation (2–
4) could relate, in some part, to the inability to select and study patients at sufficiently high
risk of harboring nodal metastases. Lymphotropic nanoparticle enhanced MRI is one
approach that may offer potential to better select patients at risk for nodal metastases. MRI
with lymphotropic superparamagnetic nanoparticles has in one study demonstrated an
overall sensitivity of 90.5% and specificity of 90.4% on a node-by-node basis for detection
of nodal metastases (29). This diagnostic tool, should it ever become widely available,
could, in addition to facilitating a decision regarding pelvic radiation, also help to identify
patients better treated with pelvic nodal and prostate irradiation rather than prostatectomy.
Specifically, Heesakkers et al. reported that 41% of patients with histologically confirmed
nodes detected by MR lymphography had nodal metastases in areas outside of the region of
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routine pelvic lymph node dissection; additionally, 41% of patients had positive nodes both
inside and outside the routine dissection area (30).

Toxicity related dose limitations may also have decreased the ability to demonstrate a
clinical benefit from pelvic radiation therapy. Pelvic nodal doses of 45–46.8 Gy have not
demonstrated consistent benefit in randomized trials compared with treatment to only the
prostate (2–4). In most other malignant diseases, a dose of 45 Gy would be considered
suboptimal to sterilize microscopic disease in the absence of chemotherapy. Head and neck
squamous cell carcinomas are typically regarded as radiocurable, and the draining neck
lymphatics are often treated to 54 Gy using conventional fractionation, with or without
chemotherapy (31). Furthermore, there is evidence for dose response in prostate cancer not
only in the definitive setting but also for presumptive microscopic disease in the post-
prostatectomy setting. King et al. reported 5-year biochemical control of 25% for a prostate
bed dose of 60 Gy compared to 58% for a dose of 70 Gy (p<0.0001) (6). A subsequent
analysis of salvage trials reported a gain in tumor control probability per additional gray
within the steep portion of the probability curve of 3.8%/Gy (5). By this measure, the
increase in dose in our study from the 45–50.4 Gy range to 56 Gy could result in
significantly increased rates of sterilization of microscopic nodal disease. Unknown at this
point is the potential dose modifying effect that concurrent androgen deprivation therapy
might have on dose response.

The escalation of nodal dose to 56 Gy in our series does not appear to increase either acute
or late GU or GI toxicity when compared to preliminary toxicity reporting from a series
from the University of Colorado delivering 50.4 Gy to the nodal basin concurrently with 70
Gy to the prostate in 28 fractions (33). Interestingly, the median volume of small bowel
receiving ≥ 45 Gy in our study was only 116.9 cc, below the recommended limit of 195 cc
from the recent QUANTEC (Quantitative Analyses of Normal Tissue Effects in the Clinic)
series when the entire peritoneal potential space of bowel is included (34). Thirteen patients
in our series marginally exceed the 195 cc limit (maximum 549cc), but only 2 of these 13
developed grade 2 acute GI toxicities, neither of whom subsequently experienced scorable
late GI toxicity. As indicated earlier, none of the dose-volume descriptors correlated with
early GU toxicity, and only the volume of bowel receiving ≥ 30 Gy correlated with early GI
toxicity (p=0.029).

Potential differences in patient characteristics and the preliminary nature of the biochemical
control estimates of our study preclude detailed comparisons between these results and those
of other studies that involved high risk patients treated with androgen deprivation and pelvic
radiotherapy. However, with a median of 12 months of androgen deprivation therapy, this
study’s estimated 3 year biochemical disease free survival of 81.2% ± 6.6%, does appear
consistent with the RTOG 9413 reported 4-year biochemical control rate of 70% with 4
months of neoadjuvant/concurrent androgen deprivation (2). and with the RTOG 9202
reported 5-year biochemical control rate of 66.6% with 28 months total androgen
deprivation (38).

The hypofractionated regimen of 70 Gy in 28 fractions of 2.5 Gy delivered to the prostate in
this present trial is familiar and potentially attractive. This is both because prostate
hypofractionated radiotherapy has been hypothesized to enjoy a radiobiological advantage
over conventional fractionation (8, 39), and because it is the fractionation regimen used both
by Cleveland Clinic’s well tolerated and effective study of prostate only radiotherapy in 770
patients (39) and by the experimental arm of ongoing RTOG trial 0415.
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Conclusion
Pelvic nodal IMRT dose escalation to 56 Gy delivered concurrently with 70 Gy of
hypofractionated prostate radiotherapy in 28 fractions over 5–1/2 weeks is a resource-
efficient, convenient and well-tolerated regimen that produces acceptable preliminary
biochemical control rates. No in-field pelvic nodal failures have been observed to date
despite 2 peri-aortic failures outside the treatment volume. While the benefits of pelvic
nodal irradiation using conventional 45–50.4 Gy doses remain unproven, pelvic nodal dose
escalation combined with better tools for patient selection could provide a new avenue for
exploring its potential benefits.
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Figure 1.
Prevalence of genitourinary toxicity following initiation of radiotherapy.
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Figure 2.
Prevalence of gastrointestinal toxicity following initiation of radiotherapy.
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Figure 3.
Biochemical control using the nadir + 2 definition of PSA failure.
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Table 1

Patient characteristics.

Age Number of Patients

 49–59 4

 60–69 22

 70–80 27

Median Age (range) 70 years (49 – 80)

T stage

 T1b 1

 T1c 21

 T2a 9

 T2b,c 13

 T3a,b 7

 T4 2

Gleason Score

 3 + 3 1

 3 + 4 and 4 + 3 14

 3 + 5 1

 4 + 4 12

 4 + 5 and 5 + 4 24

 5 + 5 1

PSA at Diagnosis

 ≤10 18

 10.1 – 20 13

 >20 22

Median PSA (range) 15.4 ng/mL (1.6 – 150.2)

N Stage

 pN1 1

 cN1 (radiographic) 3
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 cN0 49

Androgen Deprivation median duration(range) 12 months (0 – 28)

Duration (mo.) # pts

0 3

3 – 4 3

6–12 37

15–24 7

25 – 28 3

53

Median Pretreatment IPSS Score (range) 11 (0 – 27)
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Table 2

Dosimetric parameters achieved with IMRT planning.

Relative Dosimetric Parameter Median % (25% Interquartile,
75% Interquartile)

Absolute Volume (cc)
Dosimetric Parameter

Median cc (25% Interquartile,
75% Interquartile)

Bowel V30 23.9 % (42.0, 51.3) Bowel cc ≥ 30 Gy 372.4 cc (210.9, 610.2)

Bowel V40 20.0 % (10.5, 27.8) Bowel cc ≥ 40 Gy 174.6 cc (83.1, 278.4)

Bowel V45 15.0 % (6.2, 21.0) Bowel cc ≥ 45 Gy 116.9 cc (47.6, 219.0)

Bowel V50 9.0 % (2.2, 15.5) Bowel cc ≥ 50 Gy 65.1 cc (19.4, 141.3)

Bowel V60 0.5 % (0, 1.3) Bowel cc ≥ 60 Gy 2.4 cc (0, 13.1)

Rectum V50 25.0 % (20.5, 29.0) Rectum cc ≥ 50 Gy 14.9 cc (8.7, 20.6)

Rectum V60 15.0 % (12.5, 18.3) Rectum cc ≥ 60 Gy 9.0 cc (5.3, 11.9)

Rectum V70 7.5 % (5.8, 10.0) Rectum cc ≥ 70 Gy 4.5 cc (2.7, 6.9)

Bladder V45 34.0 % (30.0, 37.0) Bladder cc ≥ 45 Gy 89.5 cc (65.4, 109.7)

Bladder V60 14.0 % (9.9, 17.3) Bladder cc ≥ 60 Gy 33.6 cc (24.9, 45.4)

Bladder V70 4.0 % (2.0, 6.0) Bladder cc ≥ 70 Gy 9.6 cc (5.9, 15.6)
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