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ABSTRACT 

Between June, 1977 and April, 1983, the Radiation Therapy Oncology Group (RTOG) 

sponsored a Phase III randomized study investigating fast neutron radiation 

therapy in treat:Irent of patients with locally advanced (stage C and o1) 

adenocarcinoma of the prostate gland. Patients were randomized to receive 

either conventional photon radiation therapy or fast neutron irradiation used 

in a mixed-beam treat:Irent schedule (neutron/photon). The randomization was 

purposefully unbalanced in favor of the experimental treat:Irent (60%-40%). A 

total of 91 eligible patients were entered in the study. The two treat:Irent 

groups were balanced in regards to all major prognostic variables. 

The overall local/regional tumor recurrence rate for the mixed-beam-treated 

group of patients is 7%. The overall local/regional tumor recurrence rate for 

the photon (x-ray) treated group of patients is 22%. The difference is 

statistically significant at the p=0.05 level. The 5-year survival rate for 

the mixed-beam-treated group is 62%. The 5-year survival rate for the photon-

treated group is 35%. This difference is also statistically significant 

(p<0. 05) • 

This study deroonstrates that a regional treatrrent modality, in this case mixed-

beam irradiation, can influence both local/regional tumor control and survival 

in patients with locally-advanced adenocarcinoma of the prostate gland. 
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INTRODUCTION 

Prostate cancer is the second most corrrnon malignancy in males in the United 

States (excluding non-melanoma skin cancer). In 1984, the American Cancer 

Society estimates there will be 76,000 new ca·ses of prostate cancer and 25,000 

deaths due to the disease. 1 It characteristically occurs in elderly patients, 

and in many cases it is only slowly progressive and requires no treatment. 

F.arly stage2 A1 lesions often are given no treatment at all. More advanced A2, 

B1 and B2 lesions are usually treated either with radical surgery or photon 

radiation therapy with representative series of each treatment method showing 

about the same 5 and 10 year survival rates. Patients presenting with distant 

metastases are treated in a palliative fashion with radiation therapy and/or 

hormonal therapy. 

An area of current controversy is the tr~at:mant of patients presenting with 

stage C and o1 disease--either tumor extending through the capsule of the 

gland, invading into adjacent structures or accompanied by positive pelvic 

lymph nodes. Standard photon radiation therapy has been recorrrnended as the 

treatment of choice, but until now it has not been definitively proven that any 

local/regional treat:mant is capable of altering the survival of patients with 

these stages of disease. In this work, we will show that improved 

local/regional control of stage C and o1 disease as achieved with mixed-beam 

irradiation does lead to improved patient survival. This report describes the 

results of a Radiation Therapy Oncology Group (RTCX3) study which compares 

megavoltage photon radiation therapy against fast neutrons used in a mixed-beam 

(neutron/photon) treat:mant schedule for locally advanced (Stages C and o1) 
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prostate cancer. Both local/regional tumor control and survival were improved 

(statistically significant at ~0.05) with the mixed-bea.~ method of treatrrent. 

Fast neutron radiation therapy has been predicted to be advantageous in the 

treatment of prostate cancer for a number of reasons related to the high linear 

energy transfer (LET) of the fast neutron in tissue. Fast neutrons typically 

deposit 20-10q. times more energy in matter than rregavoltage X-rays, and this 

high LET gives rise to the radiobiological properties of potential importance 

in clinical cancer treatrrent. 3 High LET radiations are less dependent on the 

presence of oxygen to accomplish their cell-killing effect than are low LE'T X-

rays and, thus, are more effective killers of the hypoxic cells found in large 

tumor masses. The oxygen enhancement ratio (OER) for fast neutrons is 

approximately 1.6 compared to an OER of 2.5-3.0 for high energy photons. 

Furthermore, the type of radiation damage inflicted by neutrons is less readily 

repaired by t~~or cells. There is a reduced ability to repair sublethal d~nage 

manifested by a decreased shoulder on cell survival curves, and there is a 

reduced ability to repair potentially lethal damage which could be especially 

important for slowly growing tumors such as prostate cancer with a large 

fraction of cells in a G0 or "resting" phase. There is also less variation in 

radiosensitivity across the cell cycle with neutrons than with conventional X-

rays. These radiobiological properties, along with the work of Batterman 

et al. 4 indicating a higher relative biological effectiveness (RBE) for 

neutrons over photons in slow growing, better differentiated photon-

radioresistant tumors, all suggest that neutrons should show an improvement 

over photons in the treatrrent of prostate cancer. 
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MATERIALS AND METHODS 

Ninety-one eligible patients were accrued to the study between June, 1977 and 

April, 1983. All patients had either stage C or o1, biopsy-proven 

adenocarcinoma of the prostate gland. Mandatory pre-randomization evaluation 

included a complete history and physical examination, chest X-ray, complete 

blood count, ·blood chemistries including liver function tests, serum calcium, 

alkaline phosphatase, acid phosphatase and a radionucleide bone scan. Bipedal 

lymphangiography and/or exploratory laparotomies were performed on a total of 

41 patients. er scans of the pelvis were performed in about half the cases. 

To be eligible for randomization, patients had to be less than 80 years of age, 

have an initial Karnofsky performance score greater than 40, could not have had 

prior pelvic irradiation or extensive prior pelvic surgery, and could not have 

had a prior history of cancer (excluding non-melanoma skin cancers). Prior 

hormonal therapy was allo~ but had to be adequately documented. Informed 

consent was given by all patients who entered the study. 

Patients were randomized through the RTCG operational office to receive one of 

two possible methods of treatrrent: 1) photon (control) radfation therapy, or 

2) mixed-beam irradiation. Mixed-beam irradiation is a mixture of 2/5 

neutrons and 3/5 photons. The randomization was purposefully unbalanced (60%-

40%) in favor of the experirrental treatrrent. 

Photon-treated patients were to receive a dose of 50 Gy to the whole pelvis 

(prostate and nodes) at a dose rate of 1.8 to 2 Gy per fraction follo'M:d by a 

20 Gy boost dose to the prostate and any areas of proven bulky extra-prostatic 
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disease. Mixed-beam-treated patients were to receive a dose of 50 Gy photon-

equivalent (neutron dose multiplied by the institutional RBE plus the photon 

dose) mixed-beam irradiation to the whole pelvis, follov.ed by a 20 Gy photon-

equivalent boost dose of mixed-beam irradiation to the prostate and any areas 

of proven bulky extra-prostatic disease, at a dose rate of 1.8 to 2 Gy photon-

equivalent per fraction. All patients were to be treated 5 days per week. 

Mixed-beam patients were to receive neutrons two days per week and photons 

three days per week. The radiation dose to the entire bladder was restricted 

to 60 Gy photons or photon-equivalent, the dose to the posterior rectal wall 

was restricted to 55 Gy photons or photon-equivalent, and the dose to the small 

bowel was limited to 55 Gy photons or photon-equivalent. 

The following neutron treatrrent facilities participated in the study: the 

University of Washington, the Great Lakes Neutron Treatment Association, the 

M.D. Anderson facility at Texas A & M University, and the Fermilab. Neutron 

doses were scaled according to the RBE's for the various institutions: 3.3 for 

the University of Washington and the Great Lakes Neutron Treatment Association, 

3.1 for M.D. Anderson, and 3.0 for the Fermilab. The garrma contaminant was 

included in the neutron dose. The exp:rirrental treatment was·aesigned to use a 

neutron/photon combination rather than neutrons alone because of the fX)Orly 

penetrating physics characteristics of the neutron beams available at most of 

the facilities. 

Portal films were required for each treatment field as were computer isooose 

calculations through the central axis plane of the pelvis and also through the 

prostate. All treatment pararreters and patient records were reviewed by the 

study chairrran. 
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Patients were evaluated in follow-up at monthly intervals for the first three 

rronths after treatment, at three-month intervals for the remainder of the next 

three years, and every six months thereafter. 

Based on the chi-square test of independence, the two groups were balanced 

according to age distribution, tUIOOr grade (Mostofi schene5), stage (C vs. o1), 

method of diagnosis (TURP vs. needle biopsy), percent of patients having 

lymphangiograms, laparotornies or other rrethods of nodal evaluation, initially 

elevated acid phosphatase levels, degree of seminal vesicle involverrent, 

Karnofsky performance status, race, prior hormonal therapy, cardiac disease 

status, other intercurrent disease status, and Gleason score. 6 The presence of 

concomitant, benign prostatic hypertrophy was unbalanced at a marginally 

significant level (p=0.06) and occurred most frequently in the mixed-beam 

treatrrent group. 

RESULTS 

The CQ!3jor endpoints of this study are local/regional twmr control and 

survival. Complication rates and tolerance of the irradiated-normal tissues 

are secondary endpoints. The plots in this section are calculated using the 

actuarial rrethod7, with times measured frQn the initiation of treatrrent. 

Figure 1 shows the fraction of patients exhibiting a local/regional tumor 

control as a function of time. In the analysis of local control, a post-

treatrrent abnormality was assumed to be of unknown significance in the period 

imnediately following irradiation and was not counted as a failure until 

progression was noted. This rrethod of analysis was chosen because prostate 
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cancer is slow to respond to radiation therapy and often does not regress 

completely until several months after treatment is finished. For this reason 

the curves in Figure 1 start at the 100% level. 

The overall local/regional recurrence rates are 7% for the mixed-beam-treated 

group of patients compared to 22% for the photon-treated group of patients. 

The difference is statistically significant at the p=0.05 level. -, 

Figure 2 shows the percent of patients surviving as a function of time. The 5-

year survival rate is significantly better for the mixed-beam-treated group of 

patients compared to the photon-treated group of patients (p<0.05). Sixty-two 

percent of the mixed-bea.~-treated patients survived 5 years compared to 35% of 

the photon-treated.patients. 

Measurable distant rnetastases were docurrented in 36% of the mixed-bea.~-treated 

patients and 44% of the photon-treated patients. This apparent difference 

fails to achieve statistical significance. 

Treatment associated complications in most cases ,;,.,ere mild and ,;,.,ere 

predominately the expected side effects of nausea, diarrhea, dysuria and 

urinary urgency. Because of the poorly penetrating physics qualities of the 

neutron beams, skin and subcutaneous reactions ,;,.,ere more comnon in the mixed-

beam-treated group of patients. The incidence of severe complications was not 

significantly different between the two treatment groups and was 9% in the 

mixed-beam-treated group and 7% in the photon-treated group. The only fatal 

complication was a severe proctitis requiring surgical intervention that 

occurred in a photon-treated patient. 
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DISCUSSION 

Carcinoma of the prostate gland is a significant f)Ublic health problem in the 

United States. As pointed out in the "Introdoction" section, it is the second 

most corrmon malignancy in males in this country. It kills approximately 25,000 

people each year. In a prospective, randomized study comparing mixed-beam 

radiation therepy against what was judged to be the best conventional treatrrent 

(high dose photon radiation therapy) for advanced (stage C and D1) disease, the 

mixed-beam-treated group of patients did significantly better (~0.05) than the 

photon-treated group in terms of both local/regional turror control and 

survival. The two treatrrent groups were matched as to all of the variables 

currently thought to be of relevance for this tumor system. 

Most.of the patients entered on this study were staged as stage C, but 5/36 

patients on the photon randomization and 6/55 patients on the mixed-beam 

randomization had proven rretastases to the .[Jelvic lymph nodes. No doubt the 

frequency of occult nodal disease was substantially higher. Operative staging 

series of clinical stage C patients show an incidence of nodal involvement 
. 8 9 10 ranging from 40-60%. ' ' Furthermore, in one series8 29% of the nodal 

metastases occurred only in the obturator and hypogastric nodal groups--regions 

that are not v,iell visualized with bipedal lymphangiography. It may be that the 

observed survival difference was due in part to the ability of the mixed-beam 

treatrrent to more frequently sterilize nodal disease in the pelvis. 

The clinically assessed local/regional failure rate on this study was 22% with 

the photon treatrrent and 7% with the mixed-beam treatrrent. Local/regional 

failure was defined as one or more of the following: the product of the tumor 
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diarreters >25% larger than the "on-study" values, a positive biopsy at a tirre 

greater than two years frcm ccmpletion of treatrrent, a new soft tissue 

extension of twror, or pelvic nodes becoming positive. The majority of 

patients entered on this study had extremely advanced local disease. 

Neglia et a1. 11 report a local/regional failure rate of 5.2% for early stage C 

12 lesions and l~.1% for advanced stage C lesions. Perez et al. report local 

failure rates of 20% and 12% respectively for patients with stage C lesions 

treated with either 65-70 Gy or >70 Gy total radiation dose to the prostate. 
13 Rangala et al. report a local failure rate of 24% for a mixed group of stage 

Band C patients treated with definitive radiotherapy. The Patterns of Care 
14 study demonstrated a 19% local failure rate in patients with stage C lesions 

who recieved >65 Gy. Hence, the local/regional control exhibited by our 

photon-treated patients is comparable with that previously reported for 

patients with stage C disease. 

Survival is a more concrete parameter than is local/regional twror control. 

The 5-year survival rates were 62% for the mixed-beam-treated patients vs. 35% 

for the photon-treated patients. Patient survival is depend~nt on many 

. bl d h bee ed . h 1· 12115116 be h' h 5 var1a es an as n report 1n t e 1terature to as 1g as 5 -

60% at 5 years. Neglia et al. 11 show a definite dependence of survival on 

primary tumor size, with less advanced stage C lesions having a 5-year survival 

of approximately 60% compared with approximately 45% for more advanced stage C 

lesions. The majority of our patients had extremely advanced local disease. 

A stepwise Cox analysis17 has been used to identify the important patient 

parameters relating to survival in this study (Table 1). Age, stage of lesion· 
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and whether or not serum acid phosphatase levels were initially elevated W=re 

important parameters associated with survival; hoW=ver, these parameters proved 

to be less important predictors of survival than form of treatrrent. The roost 

important predictor of survival was whether or not patients were treated with 

mixed-beam irradiation (p<0.01). 

The results of· this study demonstrate that a local/regional form of treatrrent 

can indeed affect survival rates in patients with locally advanced prostate 

cancer. A new generation of neutron treatrrent facilities is nearing completion 

and will greatly improve the technical ability of investigators to treat 

deeply-seated tumors. The advantageous physics characteristics of the 

treatrrent be~ns generated at these facilities will allow treatrrent with 

neutrons alone instead of the mixed-beam irradiation used in this study, and 

offer the potential to further improve the results of treatrrent of locally 

advanced prostate cancer. In any case, if the present study continues to 

demonstrate improved local/regional tumor control and survival at longer 

follow-up tirres, it will be important to extend this work to less advanced 

stage A2 and B lesions. 
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Table I. Important prognostic variables* relating to patient survival as 

determined by a multi-variant Cox step-wise analysis17 for 79 patients for whom 

all factors are known. 

Independent Variables P-Value for Improverrent Rank 

Treatrrent p<0.01 1st 
(Mixed-beam vs. photons) 

,,· 
Age p<0.05 200 

Stage (C vs. D1) p<0.05 3rd 

Elevated Serum Acid Phosphatase p=0.06 4th 

* Tumor grade, TURP vs. needle biopsy, seminal vesicle involvement, benign 

prostatic hypertrophy status, cardiac status, other intercurrent disease 

status, and total radiation dose (<67 Gj equivalent vs. >67 Gj equivalent) 

were not statistically significant in this analysis. 
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FIGURE CAPI'IONS 

Figure 1: Tirre to clinically-assessed local/regional tumor progression. The 

dashed curve refers to the mixed-beam-treated subgroup, and the 

solid curve represents the photon-treated subgroup. The curves are 

calculated on an actuarial basis, and the difference is 

statistically significant at the p=0 .05 level. 

Figure 2: Patient survival as a function of tirre. The dashed curve represents 

the mixed-beam-treated subgroup, and the solid curve represents the 

photon-treated subgroup. Survival for the mixed-beam group is 

statistically significantly better at the p<0.05 level. 



Time to Local Recurrence as a Function of Treatment Option 

100 -----------.... "'--, ------------------
80 , 

Cl) 

ii t a 60 

"$ 
(:) 

-~ 
40 ..... 

- PHOTONS 
20 --- MIXED BEAM 

O-t---,-----,----r----r------.------
0 12 24 36 48 60 72 

Months from onset of treatment 
84 



·,' 

Patient Survival as a Function of Treatment Option 100----,_ ___ , 

80 

20 

----· --, 
' .. , ---

- PHOTONS 
-- - MIXED BEAM 

1 -----• I , 
l ., 

l 
I ·----------

O-t-----r--,---r-----.----r-----,.--
0 12 24 36 48 60 72 

Month from onset of treatment 
84 


