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Salivary gland tumors are relatively rare, comprising a p  
proximately I-3% of all head and neck malignancies. 
They can arise in a variety of different sites (e.g., parotid 
gland, submandibular gland, sublingual gland, minor 
salivary glands) and consist of diverse histologies having 
varying potential for aggressive local behavior and dis- 
tant spread. Reported series thus tend to be small and 
difficult to compare with each other. Moreover, the series 
tend to cover many years of treatment with changes both 
in treatment equipment and technique occurring over 
the time span in question. With these constraints, it is 
understandable why the role of radiotherapy for malig- 
nant tumors of the salivary gland is still in an unsettled 
state. 

Classically these tumors have been considered as "ra- 
dioresistant" and surgery has been the primary treat- 
ment modality. Subsequently a review of the literature 
by Reddy et al. l4 showed that postoperative radiotherapy 
could appreciably reduce the local recurrence rates in pa- 
tients having a high risk of microscopic residual disease. 
The situation is not so favorable for inoperable tumors 
or for tumors recurrent after an initial surgical resection. 
The situation for low linear energy transfer (LET) pho- 
ton or electron irradiation alone is summarized in Table 
I which represents a fairly extensive review of the litera- 
ture. Patients treated postoperatively for microscopic re- 
sidual disease or in a palliative manner with low doses of 
radiation are not included in the table. The long term 
local control rate based upon a total of 188 patients is 
only 28%. Note that the ofien quoted work by King and 
Fletcher" showing an 81% local control rate is not in- 
cluded in Table 1 because in reality it considers mostly 
patients treated postoperatively for microscopic residual 
disease. 

Given the combination of a relatively poor outlook 
with conventional treatment and the superficial location 
ofthe tumors, salivary gland malignancies were a natural 
tumor system for early neutron radiotherapy studies. 

The initial work was largely done using neutron genera- 
tors built primarily for physics research purposes and 
subsequently adapted to medical use. They were pnmi- 
tive and their beams often had penetrating properties 
more like oId-fashioned, orthovoltage units than modem 
megavoltage linear accelerators or 6oCo units. Neverthe- 
less, while there is still considerable controversy in the 
efficacy of fast neutrons for the treatment of most malig- 
nancies, there is nearly unanimous agreement that for 
salivary gland tumors, the results are much better than 
could be obtained with conventional radiotherapy. 

The first radiobiological evidence that neutrons should 
be particularly effective in the treatment of salivary gland 
tumors is due to Batterman el uf. I who measured the rel- 
ative biological effectiveness (RBE) relative to 6oCo radi- 
ation for neutrons produced by d - T reactions using 
.human tumors metastatic to lung. They determined the 
RBE for growth delay in terms of the time required for 
tumor mass to return to its pre-irradiation volume as 
evaluated on serial radiographs. Patients having two or 
more metastases had lesions simultaneously treated with 
the two types of radiation. A wide range of RBE's was 
found but an adenoidcystic carcinoma from a parotid 
gland primary was found to be among the highest: RBE 
= 5.7 for a single radiation dose and RBE = 8.0 for multi- 
ple radiation fractions such as would correspond to clini- 
cal treatment schemes. For most other tumors, the 
RBE's were in the range of 2.5-4.0. 

Clinical results overwhelmingly support this conclu- 
sion. The local control rates for salivary gland tumors 
treated with fast neutrons are summarized in Table 2. 
The Fermi laboratory work reported by Saroja PI uf.,I5 in 
this issue, is the largest single series to date. It comprises 
1 13 evaluable patients with gross tumors treated with fast 
neutron radiotherapy between September 1976 and De- 
cember 1984. Ten patients were re-irradiated for a recur- 
rence in a region that had already received postoperative 
low LET radiotherapy. The local control rate as 67% for 
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Table 1. Summary of Id control tat- for malignant salivary 
gland tumors treated with photon and/or elcctron beam 

irradiation and/or radioactive implants 

Number of 
patients Local control 

Borthne ez d.' 35 8/35 (23%) 
fitrpatridc and Theriault' 50 6/50 ( 12%) 

Shidnia el d.I6 16 - '  6/16(38%) 
Elkon et uL6 13 2/13 (15%) 
Rossman'' I I  6/1 I (54%) 
ftafla" 25 9/25 (36%) 
Stewart Q al." 19 9/ 19 (47%) 
Overall I I8 52/188(28%) 

Fu d ul.' 19 - 6/19(32%) 

Note: Patients treated de novo and for gross disease after a 
post-surgical recurrence are included but not patients who were 
mated postoperatively for microscopic residual disease. 

tumors of the major salivary glands and 58% for tumors 
of the minor salivary glands for an overall value of 63%. 
For tumors less than 5 cm in diameter, the local con,trol 
rate was 7 4 2 4  value as high iis that expected for a corn- 
plete excision followed by postoperative photon inadia- 
tion for more accessable lesions. They noted that all his- 
tologies responded equally well to the neutron treat- 
ments. Although the overall complication rate was 2396, 
it dropped to 16% for patients receiving less than 24 
Gy,,. Currently 20 Gy, is thought sufficient to maintain 
excellent control rates for these tumors. This lower dose 
should reduce the morbidity even further and certainly 
to a level that is much less than that caused by an uncon- 
trolled malignancy. In no instance was there any damage 
of the facial nerve by the neutron beam. 
These conclusions are supported by all of the other re 

ported neutron series shown in Table 2. Bascd upon 267 
patients, the overall local control rate is 68%-more than 
twice as great as the overall low LET radiation experi- 
ence. 

To verify the above experience in the context of a con- 
trolled clinical trial the EORTC and the RTOG jointly 
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Table 2. Summary of local cantrol ntes for malignancy 
salivary gland tumors treated with neutron irndiation 

N u m b  of patients Local control Facility 

Fermi" 
Hammersmith' 
Mantq" 
Amsterdam2 - TamveC" 
CICRs 
Krakow" 
U. Washington 

I I3 
* 65 

8 
32 
9 
5 
3 
32 

71/1 I 3  (63%) 
W 6 5  (77%) 
3/8 (38%) 
21/32 (66%) 

(674) 
3/5 (W) 
2/3 (67%) 
26/32 (81%) 

Overall 267 182/267 (68%) 

Note: Patients treated de novo and for gross disease after a 
post-surgical recurrence are included but not patients who were 
treated postoperatively for microscopic residual diseasc. Ten 
patients in the FERMI series, 14 patients in the HAMMER- 
SMITH Series and 4 patients in the AMSTERDAM series had 
reoeivcd prior photon or electron beam ndiotherapy and were 
retreated with neutron.. aAer a documented failure. 

. 

sponsored a study for inoperable salivary gland lesions? 
The results were so overwhelmingly in favor of the neu- 
tron arm that the study was closed early. Based upon 25 
evaluable patients, the initial complete response rate at 
the primary site for the neutron arm was 85% compared 
with 33% for the photon arm. The complete tumor clear- 
ance rate in clinically-positive cervical neck nodes was 
67% for neutrons and 0% for photons. With a minimum 
follow-up time of 1 year, the overall local/regional con- 
trol rate was 53% for the neutron ann and 3 1 % on the 
photon arm. The actuarial survival at 2 years was 55% 
for the neutron group and 13% for the photon group. 

If anything, the sophisticated, hospital-based, neutron 
therapy centers that have recently been activated in the 
United States, England, and Korea, should further im- 
prove the local control rates for these tumors. Placed in 
the context of the information shown in Tables 1 and 2, 
I believe that one can indeed conclude that fast neutron 
radiotherapy is the present "treatment of choice" for in- 
operable mdignant tumors of the salivary glands. Addi- 
tional work may extend this conclusion to the smaller 
tumors currently treated primarily with surgery. 

REFERENCES 
1. Batteman, JJ., Breur. IC, Hart, G.A.M., van Peperzeel, 
H.A.: Observations on pulmonary metastases in patients 
after single doses and multiple fractions of fast neutrons 
and cubalt-60 gamma rays. Eur. J. Cancer 17: 539-548, 
1981. 

fast neutron radiotherapy. Int. 1. Radiat. Oncol. Biol. 
Phys. (In press) 

5. Eichhorn, HJ.: Pilot study on the applicability of neutron 
radiotherapy. Radiobiol. Radiother. 3 262-292, 198 I. 

6. Elkon, D.. Colman, M.. Hendrickson, F.R: Radiation 
therapy in the treatment of malignant salivary gland tu- 
mors. Cancer41: 502-506,1978. 

7. Fitzpatrick, PJ., Theriault, C.: Malignant salivary gland 
tumors, Int. J. Radiat. Oncol. Biol. Phys. 12: 1743-1747, 

2. Batterman, JJ., Mijnheer, BJ.: The Amsterdam fast neu- 
tron radiotherapy project: A final report. Int. J. Radiaf. 
Oncol. Biol. Phys. 12: 2093-2099,1986. 

3. Borthne, A.. Kjellevold, IC. Kaalhus, 0.. Vermund. H.: I O Q L  
I I O U .  Salivary gland malignant neoplasms: Treatment and prog- 

nosis. Int. J. Radiat. Oncol. Biol. Phys. 1 2  747-754, 1986. 
4. Catterall, M., Errington, R.D.: The implications of im- 

proved treatment of malignant salivary @and tumors by 

8. Fu, K.K., Leibel, S.A., Levine, M.L, Friedlander, L.M., 
Boles, R., Phillips, T.L.: Carcinoma of the major and mi- 
nor salivary glands. analysis of treatment results and sites 
and causes of failures. Cancer 40: 2882-2890.1971. 

0 0 1 b 3 2 1  



9. Griffin, T.W., Pajak, T., hamore,  G.E, Duncan, W., 
Hendrichn, ER, Richter, M.P.: Neutron irradiation of 
inoperable, recurrent and unrtSectable malignant tumors 
of the salivary gland. Am. J. C h .  Oncol. (In pres). 

10. King, JJ., Fletcher, G.H.: Malignant tumors of the major 
salivaryglan&Radidogy100: 381-384.1971. 

11. Maor, UH., Hussey, D.H.., Fletcher, G.H., Jesse. R3t: 
Fast neutron radiotherapy for locally advanced head and 
neck tumors. In!. J. Radiat. O m l .  BioL Php. 7: 155-163, 
198 1 (and private communication). 

12. omitz. R, Herskovic, A., Bradley, E., Deyeand, $h., Rog- 
ers. C.C: Clinical observations of early and Sate nomai 
tissue injury and tumor control in patients receiving fast 
neutron irradiation. In High LET Radiations in Clinical 
Rudiorherupy, Barcadsen, G.W., Broersc, J. and Srcur, K. 
(Edr). New York, Pergamon Press. 1979, pp. 43-50. 

13. Rafla, S.: Malignant parotid tumors: natural history and 
treatment. Cuncer40.136-144,1977. 

. 
1423 

14. Rmman, KJ.: The role of radiation therapy in the treat- 
ment of parotid CarCinomaS A m  1. Radiol. 1U. 492499, 
1975. 

15. Saroja, KR, Manscll. J., Hendrickson, ER, Coben, L, 
Lennox, A: An update on malignant salimy @and tu- 
mors treated with neutrons at Familab. hf. J. Rudiut. On- 
Ed BZd Phys. (In press) 

16. Shidnia, €I., Hornback, N.B., &alter, R., Lbgcman, R 
Carcinoma of major salivary glands. cMcct45: 69hS97, 
198U. 

17. Skolyszewsld, J., Byrski, E., Qu?anowska, A, Gasin&, 
A, Reinfuss. M., Hu=zlcowski. J., Lazarh, B., Michalow- 
ski, A., Medcr, J: A preliminary report on the clinical a p  
plication of fast neutrons in Krakow. Int. 1. Rdiat. Oncol, 
Biol. Phys. 8: 17814786,1982. 

18. Stewart, J.G., Jackson, A.W., Chew, M . k  The role of ra- 
diation therapy in the management of malignant tumors 
ofsalivary glands Am. 1. Roerugenol. 102 100-108,1968. 

0 0 l b 3 2 2  

i 


