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A total of 32 patients with inoperable, recurrent or unresectable malignant salivary gland tumors were entered on 
a randomized RTOG/MRC study comparing fast neutron radiotherapy with conventional photon radiotherapy. 
Twenty-five patients were entered from the United States and 7 patients were entered from Scotland. Seventeen 
patients were randomized to receive neutrons and 15 patients were randomized to receive photons. Sixtyone 
percent of the neutron-treated patients and 75% of thee photon-treated patients presented with inoperable or me- 
sectable tumors, while 39% of the neutron-treated and 25% of the photon-treated patients had recurrent disuse. 
Twenty-five patients were studysligible and analyzable. The minimum follow-up time is 2 YM. The complete 
tumor clearance rates at the primary site were 85% (11/13) for neutrons and 33% (4/12) for photons following 
protocol treatment (p = 0.01). The complete tumor cleamnce rates in the cervical lymph nodes were 86% (6/7) 
for neutrons and 25% (1/4) for photons. The overall loco/regional complete tumor response rates were 85% and 
33% for neutrons and photons respectively. The loco/regional control rates at 2 years for the 2 groups are 67% 
for neutrons and 17% for photons (p < 0.005). The 2-year survival rates are 62% and 25% for neutrons and pbotons 
respectively (p = 0.10). These findings are consistent with previously published uncontrolled series. 

Salivary gland cancer, Neutrons, Radiation therapy. 

INTRODUCIION 
Luivary gland tumors are relatively rare. With an inci- 
dence of approximately 1: 100.OO0, malignant salivary 
gland tumors comprise 1-3% of all head and neck malig- 
nancies.6 Conventional treatment can be quite success- 
ful, and consists of surgery alone for small, welldifferen- 
tiated tumors and surgery plus postoperative radiation 
therapy for larger and more poorlydifferentiated tu- 
mors. The treatment results with unresectable or inoper- 
able malignancies are less satisfactory.6 

Treatment of inoperable salivary gland tumors with 
radiotherapy is often technically difficult, and results re- 
ported following low LET irradiation are suboptimal. 
Reported series tend to be small and difficult to compare 
with each other. Overall tumor control rates average be- 

Given the combination of a rel- low 30%.4.7.10-12. IS-20.22.24 

atively poor outlook26 with conventional treatment and 
a generally superficial location, inoperable salivary gland 
malignancies provided a logical tumor system for study 
in the early neutron clinical trials. 

Neutron irradiation was first used to treat advanced 
salivary gland tumors by Stone ef a/. using a physics la- 
boratory-based cyclotron in Berkeley, California.25 
More recently, the results of fast neutron clinical trials 
have been reported from other treatment centers in 
Great Britain, Europe, the United States, and Ja- 

Although instituted on a more-or- 
less empirical basis, these results have been consistently 
encouragi3g. and it has been suggested that salivary 
gland tumors are much more responsive to neutrons 
than to photons.' The radiobiology results strongly sup- 
port this conclusion. 
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The first radiobiological evidence that neutrons should 
be particularly effective in the treatment ofsalivary gland 
tumors came from Batteman el d.* Batterman and co- 
workers measured the relative biological effectiveness 
(RBE) of neutrons produced by a d  -.c T reaction relative 
to 6oCo radiation using human tumors metastatic to the 
lung. They determined the RBE for growth delay in 
terms of the time required for tumor m a s  to return to 
its preirtadiation volume as evaluated on seriaj radio- 
graphs. Patients having 2 or more rnetastaW%ad lesions 
simultaneously treated with the 2 types of radiation. The 
dat ive biological effectiveness (RBE) for adenoidcystic 
carcinoma was 5.7 for a single radiation dose and 8.0 
for fractionated radiation such as would cornspond to 
clinical treatment schemes. The RBE's for most other tu- 
mors were in the range of 2.5 to 4.0. 

Based on the encouraging results from earlier non-ran- 
dom clinical trials, and the strong supporting evidence 
From Dr. Batterman's radiobiology studies, the Radia- 
tion Therapy Oncology Group and the Medical Re- 
search Council ofGreat Britain sponsored a prospective, 
randomized study comparing fast neutron irradiation 
with low LET photon and/or electron treatment of i nop  
erable malignant salivary gland tumors. 

t 

METHODS AND MATERIALS 

Thirty-two patients were entered in a prospectively 
randomized study comparing fast neutron radiation 
therapy with conventional photon and/or electron radh- 
tion therapy for inoperable primary or m u m n t  mal&- 
nant salivary gland tumors. 

Eligibility criteria included inoperable primary or un- 
resectable m u m n t  salivary gland malignancies limited 
to the following histologies: mucoepidermoid carci- 
noma, acinic cell carcinoma, adenoidcystic carcinoma, 
adenocarcinoma, squamous cell carcinoma, and malig- 
nant mixed tumors. Tumors originating in the parotid 
gland, submaxillary gland, and minor salivary glands 
were eligible. Patients must have been between the ages 
of 18 and 76 inclusive, had no prior malignancies other 
than non-melanoma skin cancer, had no prior radiation 
therapy, and had a Karnofsky score greater than or equal 
to 60. 

The study was opened in July 1980, and closed in 
March 1986. Patients were stratified by surgical status 
(inoperable primary tumors vs unresectable recurrent tu- 
mors), tumor size (4 cm vs >5 cm), and histology 
(squamous or malignant mixed vs other). They were 
then randomized to receive control low LET photon 
and/or electron treatment or treatment with fast neu- 
trons. Patients with unmeasurable postoperative residual 
disease were ineligible. 

Patients randomized lo the control treatment all re- 
ceived supervoltage radiation therapy. Two dose/time/ 
fractionation schedules were used. Patients from the 
United States were to receive 70 Cy delivered over 74 
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weeks. Patients from Scotland were to receive 55 Gy de- 
l i v e d  over 4 weeks. These treatment schedules reflected 
the treatment conventions in the 2 countries and were 
thought to be clinically equivalent. 

Patients randomized to neutron irradiation were 
treated with 12 neutron fractions, 3 fractions per week, 
over 4 weeks. The actual neutron dose delivered de- 
pended upon the neutron scaling factor for the neutron 
energies available at the treating institution. Twenty-two 
neutron Gy was to be delivered at the Fermilab, 17.14 
neutron Gy at the University of Pennsylvania facility, 17 
neutron Gy at the University of Washington, and 16.5 
Gy at Western General Hospital in Edinburgh. These 
doses were based on radiobiological intercomparison 
studies and are thought to be clinically equivalent. The 
protocol schema is illustrated in Figure 1. 

Patient work-up and pretreatment evaluation in- 
cluded a complete history and physical examination, a 
drawing of the primary tumor and regional lymph nodes 
with centimeter measurements, a photograph of the le- * 

sion, chest x-ray, mandible x-ray, and CT' Scan of the tu- 
mor volume. Following treatment, patients were evalu- 
ated every 2 months for the first year, every 3 months for 
the second and third years, every 4 months for the fourth 
and fifth years, and yearly thereafter. 

Four institutions participated in the study. Fast neu- 
trons were generated at the Fermilab facility using a 66 
MeV proton linear accelerator. Cyclotrons were used for 
neutron production at the University of Washington and 
at Edinburgh. Neutrons were produced at the University 
of Pennsylvania facility from a DT generator. The neu- 
tron energies and methods of production are listed in Ta- 
ble l. 

Thirty-two patients were entered on the study. Fifteen 
patients were randomized to receive low LET treatment 
and 17 were randomized to receive neutrons. Three low 
LET randomized patients and 4 neutron randomized pa- 
tients were ineligible, leaving a total of 25 patients avail- 
able for analysis. Two patients randomized to photons 
and one patient randomized to neutrons were excluded 
because they had no measurable disease at the time of 
randomization. One patient refused all radiation after 
randomization to photons. The three remaining ineligi- 
ble patients were excluded for reasons of benign histol- 

or reament Neulronr 

22 Cy (Femuhb) I 12 Iraalon94 weeks 
17 14 Gy (Penn) I 1 2  Iractlons14 weeks 
17 Gy (Seanle) I 12 iraams/Q weeks 
16 5 Gy (Edinburgh) I 12 lraclimY4 weeks  

Fig. I .  Randomization schema for inoperable and unresectable 
primary and recurrent salivary gland tumors. The neutron dose 
is adjusted Cor the institutional neutron scaling factors. 



Table I .  Facility-adjusted neutron doses 

Neutron Neutron 
Facility Machine reaction dose 

Ferrnilab Linac 66MeVp= Be 22Gy 
University of 

Pennsylvania DTgenerator 14 Me Vd = T 17.14 Gy 
university of 

Washington Cyclotron 22 Mc Vd * Be 17 C y  
Western General Cyclotron 15 Me Vd = Be 16.5 C y  

ogy, a prior malignancy (rectum), and a mucosal carci- 
noma not of salivary gland origin. The last patient was 
entered on this study in August 1985. 

The male-to-female ratio was 58% to 42% for photons 
and 54% to 46% for neutrons. Forty-two percent of pho- 
ton patients and 54% of neutron patients were 70 years 
old or greater. The parotid gland was the primary site 
in 83% of photon-treated patients and 69% of neutron- 
treated patients. Twenty-five percent of photon patients 
and 39% of neutron patients presented with recurrent 
disease. The median size of the primary tumor in largest 
dimension was 7.0 cm (range 3.0-16.0 cm) for patients 
randomized to photons and 6.0 cm (range 3.0-9.0 cm) 
for patients randomized to neutrons. Lymph nodes in- 
volved with tumor were found in 33% ofphoton patients 
and 54% of neutron patients. The pretreatment patient 
characteristics are listed in Table 2 and the presenting 
tumor histologies are listed in Table 3. 

Differences in the tumor clearance rates were evalu- 
ated by Fisher's exact test.' The difference in survival was 
evaluated by the Mantel-Haenszel test.'' In both in- 
stances, one-sided tests of significance were utilized. 
Time events were plotted as step functions using the 
Kaplan-Meier method." Time was measured from the 
bran of treatment until the time of the first failure or the 
time of the last follow-up if the patient did not fail. 

Prior to analysis, quality control chart, film and do- 
simetry reviews were carried out at RTOG Headquarters 
by the protocol chairman. All cases were reviewed, and 
major unacceptable protocol violations were discovered 
in 2 cases. A photon-treated patient discontinued radia- 
tion after 16 Gy and refused further treatment. Review 
of treatment portal films revealed that significant tumor 

JSS extended beyond the treatment margins of a neu- 
tron-treated patient. Although both of these patients 
failed to achieve a complete remission and both ulti- 
mately died of their disease, they are included in the re- 
sult analysis to avoid biasing the study. 

RESULTS 

":ilienls were considered to have complete primary tu- 
clearance if the primary tumor mass both clinically 

- i l ! c l  radiographically totally disappeared following pro- 
~Ocol treatment. Complete nodal clearance is similarly 
defined for patients with initial nodal disease. Patients 
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Table 2. Pretreatment characteristics 

Photon % Neutron % 
~~ ~~~~ 

Male 
Female 
Age > 70 
Parotid gland 
Other sites 
Median size of primary 
Per cent lymph node 

involvement 
Disease status 

Recurrent 
InoDerable/unmectable 

58 
42 
4 2  

17 
7.0 cm 

33 

25 
75 

t 83 

54 
46 
54 
69 
31 

6.0 cm 

54 

39 
61 

were considered to achieve a complete response when 
both complete primary and nodal clearances were 
achieved. 

Patients who did not achieve an initial complete re- 
sponse were considered as failures on study day one. Pa- 
tients who did achieve a complete response were consid- 
ered a failure to the planned initial treatment on the 
study day when a recurrence was reported. With respect 
to survival analysis, death was considered a treatment 
failure regardless of cause. 

All patients had a minimum of 2 years' follow-up at 
the time of this analysis. 

Patients treated with neutrons had a significantly 
higher primary tumor clearance rate than patients 
treated with photons. Eighty-five percent of the neutron- 
irradiated patients (1 1/13) achieved complete clearance 
ofall primary tumor in contrast to 33% (4/12) ofthepho- 
ton-irradiated patients (p = 0.01). Nodal tumor clear- 
ance rates similarly favored neutrons (86% for neutrons 
vs 25% for photons). The loco/regional complete re- 
sponse rates were 85% for neutron-treated patients and 
33% for photon-treated patients. Figure 2 illustrates the 
overall complete response rates for neutrons and pho- 
tons. 

Figure 3 illustrates the loco/regional tumor control 
rates for the 2 treatment groups. Again, there is a statisti- 
cally significant advantage favoring the neutron-irradi- 
ated patients (p < 0.005). This advantage was mainly due 
to the large difference in complete response rates, and it 
should be noted that 5 complete responders died without 
failing locally ( I photon and 4 neutron). The 2-year loco/ 
regional tumor control rates were 67% for neutrons and 
17% for photons. 

Table 3. Tumor histologies 

Photon 5% Neutron W 

Mucoepidermoid 17 
Acinic cell 0 

25 
8 

Adenoidcystic 
Malignant mixed 
Adenocarcinoma 17 
Sauamous 33 

31 
23  
23  
0 

15 
8 
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Fig. 2. Complete response rates for neutron-treated and pho- 
ton-treated patients. The difference is statistically significant at 
the p = 0.0 1 level. 

When absolute survival was examined, the same trend 
favoring neutrons was seen, but with a significance level 
of only p = 0.10 (Flg. 4). The 2-year survival rates were 
62% for neutrons and 25% for photons. There arc cur- 
rently 3 patients alive on the photon arm (23.9,25.5 and 
77.2 months) and 6 patients alive on the neutron arm 
(24.0,24.4,28.9,29.2,6l.l,and68.2 months). Themain 
difference in survival between the treatment arms occurs 
between 12 and 18 months after the start of treatment. 
There were 2 intercurrent deaths on the photon treat- 
ment arm ( I  pneumonia and I heart disease), and 3 in- 
tercurrent deaths on the neutron-treatment arm (2 pneu- 
monia and 1 heart disease). Table 4 summarizes the 2- 
year study results. 

L ~ ~ o l R . g l o ~ l  Tumor Control 

0 ;2 24  16  
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Fig. 3. Loco/regional tumor control rates for neutron-treated 
and photon-treated patients. The difference is statistically sig- 
nificant at thep < 0.005 level. . 
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Fig. 4. SumkaI rates for neutron-treated and photon-treated 
patients. The difference is significant at the p = 0.10 level. 

The toxicity associated with treatment is presented in 
Table 5.  Although not statistically significant, the neu- 
tron-treated patients tended to show more toxicity than 
the photon-treated patients. This trend is consistent with 
other studies using low energy neutron generators. 

DISCUSSION 
Fast neutron radiotherapy for cancer dates from the 

1930's when Stone and coworkers used a neutron beam 
from an early physics cyclotron in Berkeley, California, 
to treat patients with advanced malignant disease.a 
While thcse early clinical studies were conducted on a 
more-or-less empirical basis, the development of mam- 
malian cell culture techniques in the 1950's later led to 
a radiobiological rationale for high LET (linear energy 
transfer) particle irradiation. 

Neutron and other high LET radiations offer several 
potential advantages over low LET photon or electron 
irradiation. All of these advantages are related to the in- 
creased energy deposition from these particles in tissue 
per unit tract length. This property results in a lower oxy- 
gen enhancement ratio (OER) (approximately 1.6 for 
neutrons compared to 2.5 to 3.0 for photons), a reduced 
ability to repair sublethal damage, a reduced ability to 
recover from potentially lethal damage, and less varia- 
tion in radiosensitivity across the cell cycle for neutron- 
treated cells compared to photon-treated cells. While the 
initial impetus for clinical trials with high LET irradia- 
tion came from its ability to kill hypoxic cells, the advan- 
tages demonstrated for the treatment of salivary gland 
tumors probably are derived from the other biological 
factors (most likely reduced potentially lethal damage re- 
pair and cell cycle effects). These biological factors re- 
sulted in an RBE of 8, as demonstrated by Batterman, 
for clinically fractionated neutron irradiation of ade- 
noidcystic salivary gland carcinoma. 

Prior to this report. the results of neutron treatment of 
289 patients with inoperable salivary gland tumors have 
been published. This number excludes patients who were 
treated for presumed residual disease following surgery. 
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Table 4. Study results 

1089 

Total Number still alive 
Endpoint Treatment evaluable and at risk One year Two years 

- 

Loco-regional Photons 12 I 17%(+l I )  l 7%(2 l  I )  
tumor control Neutrons 13 5 67% (+ 14) 67% (214) 

Neutrons 13 6 77% (i 12) 62% (214) 
Survival Photons 12 3 67% (i 12) 25% (2 14) 

Some of these patients were treated with “mixed beam” 
treatment; others were treated with neutrons alone. 
Treatment was delivered in 12-38 fractions over 4-7 
weeks. In spite of this variability, the results are remark- 
ably consistent. The largest reported series comes from 
the Fermilab where 7 1 of 1 I3 patients treated with fast 
neutrons achieved permanent local control of their dis- 
ease. The authors of this report concluded that, “Neu- 
tron beam therapy is the treatment of choice for unre- 
sectable, residual and recurrent salivary gland tumors.”2’ 
Table 6 lis& the reported neutron experience in this tu- 
mor system. The composite local control rate is 67% 

Local tumor control rates following low LET photon 
and/or electron irradiation for inoperable salivary gland 
carcinomas are less satisfactory. Table 7 lists the photon 
treatment results in this clinical situation. As in Table 6, 

( 1 94/289).3.’.8- 10.1 3.16.1?2 123 

Table 5. Treatment complications* 
~ ~ 

Photon % Neutron ‘k 

Any Grade>3 Any Grade>3 

Mucosal 50 8(1/12) 62 23(3/13) 
Skin 50 17(2/12) 85 15(2/13) 

Necrosis 8 0 23 15(2/13) 
Dry mouth 67 17(2/12) 100 8(1/13) 
Taste 

impairment 50 8(1/12) 77 31(4/13) 

Fibrosis 58 8(1/12) 62 0 

* Patients could have more than one complication. 

Table 6. Neutron loco/rcgional tumor control rates for 
malignant salivary gland tumors 

Number of Loco/rcgional 
patients tumor control 

saroja el aP1 1 I3 63%(71/113) 
Catterall & Ellington’ 65 77% (50/65) 
Batterman et ai2,’ 32 66%(21/32) 
Griflin et a/’’ 32 81%(26/32) 

Maor cf all6 9 67% (6/9) 
Ornitz ci a/” 8 38% (3/8) 
Eichhorn CI 41’ 5 60% (3/5) 
Skolyszewski cr 3 67% (2/3) 

Total 289 67% ( 194/289) 

Duncan ct at’ 22 55% ( 12/22) 

series reporting patients who were treated for presumed 
residual disease following surgery are not included. The 
composite local control rate following photons in these 
series is 24% (6 1/254).*~7.’0-’L’8-201L/416 

The results of the randomized cooperative study re- 
ported in this paper support the data from the prior ra- 
diobiological and clinical work. With 2 years minimum 
follow-up, the loco/regional tumor control advantage of 
67% for neutrons vs 17% for photons is statistically sig- 
nificant at the p < 0.005 level. There is a strong trend 
favoring neutrons in terms of survival as well (62% vs 
25% at thep = 0.10 level). Table 8 compares the results 
obtained in this study with both low LET and high LET 
historical experience. 

Table 7. Low LET (photon/electron) loco/rtg i~~l  tumor 
control rates for malignant salivary gland tumors 

Number of Loco/regional 
patients tumor control 

Fitzpatrick and Thoriault ” 
Vikram el 
Borthne et ai4 
Rafla” 
Fu et ai” 
Stewart et aP4 
Dobrowsky e! a/’ 
Shidnia e~ alu 
Elkon ef a/” 
RossmanM 

Total 

50 
49 
35 
25 
19 
19 
17 
16 
I3 
I I  

254 

12% (6/50) 
4% (2/49) 

23% (8/35) 
36% (9/25) 
32% (6/19) 
47% (9/ 19) 
41%(7/17) 
38% (6/ 16) 
15% (2/ 13) 
54% (6/1 I )  

24% (61/254) 

Table 8. Comparison of the RTOG-MRC study results 
with historical results 

~~ ~ ~ 

Law LET 
Low LET historical 

RTOG/MRC photon 
experience 

controls 
Neutron 

Historical neutron 

RTOG/MRC neutron 
experience 

results 

Number of Loco/regional 
patients tumor control % 

254 24 

I:! 17 

1x9 61 

13 67 
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T h e  number  of patients entered in this study is small, 
and the original accrual goals were 22 patients per treat- 
ment  arm based on projected 2-year loco/regional tumor 
control rates o f  20% for photons and 60% for neutrons. 
As the study progressed and treatment results became 
obvious, and as more neutron results became available 
from other institutions, it became very dimcult to con- 
tinue accrual to a randomized study containing a photon 
treatment. T h e  study was closed when the statistical sig- 

d 

nificancc o f  the difference between treatments became 
apparent. 

Taken as a whole, the  data from the  radiobiological 
studies, the non-random clinical studies and the prospec- 
tive randomized clinical trial reported here overwhelm- 
ingly support the  contention that fast neutron radio- 
therapy offen a significant advance in the treatment of 
inoperable and unresectable primary and recurrent 
mTlignant salivary gland tumors. 
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