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PRESENT RESULTS OF NEUTRON THERAPY

The German experience

RUDOLF SCHWARZ, ANDREAS KRULL, DANIEL HEYER, MICHAEL BAUMANN, RAINER SCHMIDT
and KLAUS-HENNING HUBENER

Results of fast neutron therapy are reviewed with special reference to the main indications for this
type of treatment and the experience of five German centers. Neutron therapy seems beneficial
compared to conventional radiotherapy in advanced salivary gland tumors, inoperable or unresectable
soft tisspue sarcomas, some bone tumors, prostate cancer stage C and some rare low-grade tumors.
About 3000 patients with malignancies have been treated with neutrons at the German centers
Berlin/Rossendorf, Essen, Hamburg, Heidelberg and Miinster. Treatment results and treatment-related
morbidity depend on the treatment techniques and the physical selectivity of the neutron machines. A
critical appraisal suggests that fast neutrons are of advantage in about 5% of all radiotherapy patients.

Fast neutrons were first used for cancer treatment by
Robert Stone (1) at the Lawrence Berkley Laboratory in
1938. Today neutron therapy is applied at 21 centres
throughout the world. More than 18 000 patients have
been treated so far with neutrons, either as sole irradiation
modality or combined with other types of radiotherapy.
Fast neutron therapy is used on the basis of radiobiologi-
cal arguments and clinical experience. Neutrons have some
special radiobiological qualities due to the high linear
energy transfer. The relative biological effectiveness (RBE)
is 1.5 to 8 times higher for neutrons than for photons (2).
This higher RBE is due to lower oxygen enhancement
ratio, less repair of sublethal and potentially lethal radia-
tion damage and less variation in radiation sensitivity
during the cell cycle phases (3).

All over the world neutron centers have been built since
the 1970°s. The technical possibilities of the first generation
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machines were limited. Treatment was applied with a
variety of machines—cyclotrons and DT-generators—and
due to physical and technical limitations, treatment
modalties and results cannot be directly compared with
modern photon therapy. In Germany neutron therapy
started in 1972 at Berlin/Rossendorf. Five neutron therapy
centers (4) exist in Germany: Berlin/Rossendorf, Essen,
Hamburg, Heidelberg and Miinster. Nearly 3 000 patients
have been treated at these centers. The Table shows the
diagnoses of the treated patients. Nearly all patients were
treated in phase I and IT studies and for different reasons
only a few patients were treated in randomized trials.
The results of clinical neutron studies are subsequently
reviewed with particular reference to the supposed main
indications for neutrons and the German experiences.

Salivary gland tumors

Malignant salivary gland tumors are relatively rare in
comparison to other malignancies of the head and neck
region. They can arise in several different sites and have
diverse histologies with varying potential for aggressive
local behavior and metastasis. In limited disease the pri-
mary treatment has traditionally been surgery alone or
surgery plus postoperative radiation therapy for micro-
scopic residuals. Radiotherapy with photons or electrons
has had limited success in eradicating gross postoperative
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Table

Tumor diagnoses in patients treated by fast neutrons in Germany (1972—-1990)

Berlin Essen Hamburg Heidelberg Miinster Total
Soft tissue sarcoma 475 294 314 83 33 1199
Head and neck cancer 41 97 73 45 24 280
Salivary gland tumor — 35 94 22 30 181
Lung cancer 263 3 10 111 — 387
Rectal cancer — — 70 78 40 188
Prostate cancer — 12 82 7 4 105
Other urologic malignancies 22 — 15 — — 37
Bone tumors — 36 39 10 11 96
Brain tumors — 18 34 — 1 53
Other tumors 189 51 91 85 7 423
Total 990 546 822 441 150 2949

remnants or unresectable tumors. Pooled data (5-16)
show local control in only 72 of 281 patients (26%). For
that reason malignant salivary gland tumors were natural
targets for neutron therapy studies and a large number of
patients with advanced salivary gland tumors have been
treated with fast neutrons worldwide. The results have
been remarkably consistent and pooled data show long-
term local and regional tumor control in 234 of 354
irradiated patients (66%) (16-27). A randomized clinical
trial was initiated by the RTOG in the United States and
the MRC in Great Britain, comparing neutron therapy
and photon therapy in advanced salivary gland tumors
(16, 28). After inclusion of 32 patients in this study, it was
found that the group receiving fast neutron radiotherapy
had a significantly better loco-regional tumor control rate
and also a better survival during the first years of the
follow-up. The study was closed early for cthical reasons
and 25 patients could later on be analyzed. The loco-
regional control rate was 56% in the neutron group versus
17% in the photon group (p = 0.09). However, neutrons
gave no improvement of overall survival (15% versus 25%,
p = n.s.). Distant metastases accounted for most failures in
the neutron arm and loco-regional failures for most fail-
ures in the photon arm.

In the German neutron centers a total of 181 patients
were treated for advanced malignant salivary gland tumors
between 1972 and 1990. Pétter et al. (29-31) published the
Miinster data on neutron therapy in 27 cases of adenoid-
cystic carcinomas, treated from January 1986 to March
1991. Eleven patients had lymph node or distant meta-
stases and 24 patients had been treated with surgery or
irradiation before. The mean follow-up time was 14
months, ranging from 2 to 46 months. The overall local
control rate was 74%; 7 patients had local relapses. Four
patients died from the disease and two patients from other
diseases. Potter et al. {30, 31) demonstrated that judge-
ment of tumor response should be based on modern
imaging techniques.

In Hamburg 130 patients with advanced salivary gland
tumors were treated with fast neutrons between 1976 and
1993. Adenoid cystic carcinoma was the dominating histol-
ogy in 101 of the patients. The most frequent locations
were the parotid gland, the submandibular gland and the
paranasal sinuses. Between July 1977 and December 1988,
a group 44 patients were treated for adenoid cystic car-
cinoma (27). All patients had previously undergone one or
more surgical interventions. The local control rate was
78% at one year and 65% at two years after neutron
therapy. Based on these results a controlled clinical trial
was designed and started in January 1991. In this
study standardized comparable methods will be used for
diagnostics and therapy. In summary, available data
suggest that neutron therapy is superior to conventional
radiotherapy for advanced malignant salivary gland
tumors.

Soft-tissue sarcomas

Well operable soft-tissue sarcomas are treated by radical
resection. For more advanced lesions the treatment will
often be a combination of doubtful radical or non-radical
resection and preoperative or postoperative radiotherapy,
and in some cases supplemented by chemotherapy. A
special problem is to obtain local control of inoperable
tumors or gross residual tumor mass after surgery. Espe-
cially in the extremities fast neutrons have been used to
control the tumor and maintain function of the extremi-
ties. During the last 30 years data from 349 patients with
soft-tissue sarcomas and remaining macroscopic tumor
treated with neutrons have been published worldwide (32—
43). In 196 of these patients local control was obtained
(56%). Similarly, pooled data for photon therapy in soft-
tissue sarcomas with macroscopic tumor mass show local
control in 45 of 116 patients (39%) (44-49).

A survey has shown that 1 199 patients with soft-tissue
sarcomas were treated at the five German neutron centers



NEUTRON THERAPY —THE GERMAN EXPERIENCE 283

from 1972 to 1990. In he largest series reported by Schmitt
et al. (32), 220 patients were treated at Essen between 1978
and 1983. The treatment was non-randomized and con-
sisted of neutron irradiation in 94 cases with gross tumor
and of neutron boost irradiation after photon irradiation in
127 cases with no gross tumor after resection (R0:23
patients, R1:104 patients). In the group with gross tumor
mass local control and survival rates at five years were 56%
and 26% respectively. Budach et al (43) reported 40 patients
treated with neutrons for soft-tissue sarcomas with micro-
scopic or macroscopic tumor residuals after surgery be-
tween 1983 and 1988 at Essen. The median follow-up was
29.3 months. The actuarial three-year local control and
survival rates were 69.3% and 91%. However, the rate of
grade 3/4 late morbidity according to the RTOG/EORTC
score was 28% in the series of Schmidt et al. in the neutron
group compared to 7% in the group treated by photons and
neutron boost. In Hamburg 337 patients with soft-tissue
sarcomas were treated with fast neutrons in the period from
1976 to 1993. Franke (34) published data of 45 patients
treated between 1976 and 1980 and reported a local control
rate of 60%. Schwarz et al. (50) analyzed 147 patients with
soft-tissue sarcomas treated with fast neutrons in Hamburg
between 1984 and 1988. The patients had different histolo-
gies, such as liposarcoma (23.8%), malignant fibrous histi-
ocytoma (18.4%), fibrosarcoma (17%), leiomyosarcoma
(12.2%), malignant schwannoma (9.6%) and other histolo-
gies (19%). Tumor grading was available in 135 cases: G1
(n=132), G2 (n=137), G3 (n=66). The most common
location (57%) was the extremities. Eleven patients had
lymph node metastases and 12 patients distant metastases
at the start of neutron therapy. Residual tumor classifica-
tion was RO in 56 cases, R1 in 24 cases and R2 in 6] cases.
All patients had surgery before irradaition. Grade 3 and 4
acute side-effects (RTOG/EORTC score) occurred in 3
patients and grade 3 and 4 late side-effects (RTOG/EORTC
score) in 3 patients. Median follow-up time was 42 months.
At the time of analysis 80 patients were alive, whereas 67
patients had died, 42 of them with local control, and 25 of
them with local recurrence. Local control rate at five years
was 83% in G1, 75% in G2 and 38.6% in G3 tumors. After
5 years 52.5% of all patients were alive. Significant prognos-
tic factors for survival were grade (G1 80.2%, G2 69% and
G3 30.4%), and residual tumor stage (R0 71.8%, R1 58.1%
and R2 32.3%).

According to the published data neutron therapy seems
to be warranted unresectable or recurrent soft-tissue sarco-
mas. Neutrons may be especially beneficial for low-grade
tumors, but this remains to be proven by future studies.

Osteosarcoma, Ewing’s sarcoma, chondrosarcoma and
chordoma

The experience with fast neutron therapy for osteosar-
coma, Ewing’s sarcoma, chondrosarcoma and chordoma is

very limited. In the German centers a total of 96 patients
have been treated. The radiobiological reasons for using
neutrons are large tumors with a high proportion of
hypoxic cells and the fact that chordomas and low-grade
chondrosarcomas are well differentiated and slowly prolif-
erating neoplasms. A special advantage of neutrons is the
low neutron kerma in bone which reduces the absorbed
dose in bone by 25% which may reduce the risk of
osteonecrosis. The worldwide published data on 97 pa-
tients with osteosarcoma (22, 35, 37, 39, 41, 42, 51, 52)
show local control in 52 patients (54%). Schmitt et al. (51)
published in 1982 the results of neutron therapy in 24
patients with locally advanced osteosarcomas treated in
Essen; 12 of them were locally controlled.

Concerning chondrosarcomas with macroscopic tumor
present at the time of neutron therapy, a review of the
worldwide data indicates local control in 48% (29/61
patients) (35, 37, 39, 40-43). Harwood et al. (53) and
McNaney et al. (54) published a retrospective analysis of
chondrosarcomas treated by photons. Only 10 of 30 patients
(33%) were locally controlled, Budach et al. (43) published
results of neutron therapy for chondrosarcomas at Essen
University in 1990. From 1979 to 1988, 18 patients were
treated with neutrons alone or neutron boost. The median
follow-up period was 36 months. The actuarial 3-year local
control and survival rates were 55.6% and 62.9%. The local
control rates were 62.5% for microscopic disease and
40% for macroscopic disease. At Hamburg, 13 patients were
treated with fast neutrons for advanced chordomas. All
patients had macroscopic tumor at the time of treatment,
ranging from a diameter of 2 cm in an occipital tumor to
16 cm in a sacral. Eleven patients were treated with neutrons
and 2 patients with photons and neutrons. The single
dose per fraction was 0.6 Gy—1.3 Gy with 3—5 fractions per
week and the total dose 11-16.2 Gy. No serious acute or
late side-effects were observed. With a mean follow-up
period of 27 months, § of the 13 patients were free from
local progression. Kaplan-Meier calculation gave a survival
rate at four years of 45% and a local control rate of 50%.

These published results indicate that neutrons may be
beneficial for subgroups of patients with advanced chon-
drosarcoma, chordoma and osteosarcoma.

Paranasal sinuses

Good results of neutron therapy have been reported by
Errington (55) from Hammersmith Hospital; 86% (37/43)
of the patients showed complete remission and relief of
symptoms and the 3-year local control rate was 50%.
Schwarz & Hiibener (56) reported about 20 patients treated
at Hamburg between 1977 and 1988. Mean follow-up was
16 months and local control was achieved in 11 patients.
Especially patients with adenoid cystic carcinomas, low
grade adenocarcinomas and sarcomas may benefit from
neutron therapy.
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Low-grade ‘pencil’ gliomas of the spinal cord

Budach et al. (57) published results of neutron therapy
at Essen in 10 patients with low-grade spongioblastomas
and ependymomas of the spinal cord. Total doses between
7.4 Gy and 10.4 Gy were delivered with 0.7 and 1.33 Gy
per fraction. Two complete and six partial remissions of
ataxia and motor disturbances were observed. Bladder
dysfunction was improved in three of five cases. At 88
months, follow-up complete or partial remission was main-
tained in four patients. In summary, neutrons seem to be a
valuable treatment option for incompletely resected low-
grade “pencil” gliomas.

Prostate adenocarcinoma

The 5-year local control rates for locally advanced pros-
tatic cancer after high-dose photon therapy range between
54% and 68% (58-64). Results of neutron therapy has
been studied at several centers in the United States and
Europe. The most promising data derive from a random-
ized trial of the RTOG (58, 65, 66). Patients with locally
advanced prostate cancer were randomized to receive con-
ventional photon irradiation of neutrons used in a mixed-
beam schedule. The 10-year clinically assessed local control
rate was 70% in the mixed-beam group versus 58% in the
photon group and the corresponding survival rates were
46% and 29% respectively. No significant differences were
found in complication rates. An NTCWG study has also
been performed comparing neutron and photon therapy
but the follow-up is still too short for definite conclusions.

In Germany prostate cancer has been treated with fast
neutrons at Hamburg. Franke et al. (67) reported on 12
patients with stage C or D1 prostate cancer treated with
neutrons during the pilot phase from 1976 to 1980. A large
volume including prostate and pelvic lymph nodes was
treated with photons and the prostate was boosted with
neutrons. A 4-year survival of 85% was obtained in pa-
tients with T3-tumors. A prospective controlled clinical
trial is going on at Hamburg, implying 50 Gy with a
neutron boost of 4.8 to 6 Gy and 50 Gy photons to the
pelvis. Photons to whole pelvis supplemented by a neutron
boost with 4.8—6 Gy to the prostate.

Neutron therapy may be beneficial compared to photon
therapy in advanced prostatic cancer. An adequate treat-
ment technique is essential for the neutron therapy in
order to minimize side-effects in the pelvic organs. Further
prospective trials are necessary to evaluate neutron therapy
in prostate cancer.

Rectal cancer

Neutrons may have a potential biological advantage in
advanced and recurrent rectal carcinomas which are
thought to contain a high proportion of hypoxic cells. The
published data are ambigious. Duncan et al. (68) have

reported data for comparing neutron therapy and photon
therapy. The local control rates were unsatisfactory in
primary tumors; 10% and 6.3% for neutrons and photons
respectively. For recurrences the local control rate was
better for neutrons (33.3%) than for photons (18.8%). The
3-year survival was around 10% for both treatment modal-
ities. In the series reported by Battermann & Mijnheer (19)
the late morbidity after neutron therapy was high but these
authors used low-energy machines which give satisfactory
dose distributions. In Germany studies have been per-
formed in Hamburg, Miinster and Heidelberg.

Franke et al. (69) reported 60 patients treated at Ham-
burg with neutrons for advanced primary and recurrent
rectal cancer. They observed good results concerning pain
relief and local control and the treatment-related mor-
bidity was tolerable. Engenhart et al. (70) published the
Heidelberg data for 26 patients with large and unresectable
locally recurrent adenocarcinoma of the rectum. The treat-
ment consisted of 40 Gy photons to the pelvis and a
neutron boost of 6.6 to 10 Gy to the tumor. All patients
were symptomatic with severe pain prior to therapy. The
follow-up ranged from 6 to 26 months, with a mean
follow-up of 12.8 months. A complete pain relief was
observed in 13 patients (50%) and the local tumor control
rate at the time of evaluation was 85%. The late radiation
damage was moderate.

A benefit of neutron therapy compared to photon ther-
apy cannot be regarded as proven. Especially the data
from Heidelberg are promising. Randomised trials are
however, necessary to define the role of fast neutrons in
comparison to other treatment modalities including com-
bined chemotherapy and radiotherapy.

Non-small cell carcinoma of the lung

Patients with non-small cell carcinoma of the lung have
worldwide been entered in different studies evaluating fast
neutrons therapy. The results of these studies are inconsis-
tent. Most studies have not shown advantages concerning
local control and survival when compared to standard
radiation therapy (71-75).

Eichorn et al. (73, 74) have published results from
Berlin/Dresden. Neutrons did not seem to improve the
survival rates. At autopsy an increased tumor eradication
rate with increasing neutron dose was observed in patients
treated by a combination of neutrons and photons. The
tumor sterilization rate at autopsy was 33% (149/429
patients) in photon treated patients and 48% (45/93 pa-
tients) in patients receiving a neutron boost. Schnabel et al.
(75) reported the results of a randomized trial involving
115 patients at Heidelberg. Forty-eight patients received a
total dose of 18 Gy neutrons. The control patients received
a dose of 54 Gy photons. Only 30 patients in the neutron
arm and 46 patients in the control arm were eligible. There
was no significant difference in survival and local control
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between the two groups. Side effects were somewhat worse
with neutrons. In both these German studies the applied
doses in the photon group were low and the technology of
the neutron machines was not optimal. With the used
low-energy cyclotrons the radiation morbidity was high.
Hitherto published reports do not show a superiority of
neutrons compared to photons for treatment of non-small
cell lung cancer.

Other tumor types

Neutron therapy has been used for a variety of other
tumpr types and sites, such as carcinomas in the head and
neck region, esophagus, pancreas, urinary bladder, uterine
cervix, and breast and malignant brain tumors. The litera-
ture shows no clear benefit of neutrons versus photons for
these tumors. Also in Germany, patients with the men-
tioned tumor types have been treated with neutrons in
phase I and phase II studies but no randomised trials have
been designed so far.

Conclusions

A critical appraisal of the results until now suggests that
for a few tumor types (inoperable or unresectable soft
tissue sarcomas, some primary bone tumors, advanced
malignant salivary gland tumors, prostate cancer stage C
and some rare low-grade tumors) neutron therapy is supe-
rior to photon therapy. Neutron therapy plays a role in
cancer therapy in Germany with about 3 000 patients
treated so far at five centers. During the last years neutron
therapy in Germany has been concentrated to the above
mentioned of tumors. All treatment machines in Germany
are first generation machines with unfavourable technical
conditions. In the future these machines have to be re-
placed by modern high-energy cyclotrons facilitating the
application of recent advances in modern radiotherapy like
isocentric treatment, 3-D treatment planning, conformal
therapy and of multileaf collimators. This seems important
for optimizing the treatment results in terms of local
control, survival and side effects. At present it can be
estimated that about 4-5% of all radiotherapy patients
might benefit from neutron treatment.

REFERENCES

1. Stone RS, Larkin JC. Treatment of cancer with fast neutrons.
Radiology 1942; 39: 608-20.

2. Battermann JJ, Breur K, Hart GAM, van Peperzeel HA.
Observations on pulmonary metastases in patients after single
doses and multiple fractions of fast neutrons and Cobalt-60
gamma rays. Eur J Cancer 1981; 17: 539-48.

3. Hall EJ. Radiobiology for the radiologist. 3rd ed. Philadel-
phia: JB Lippincott, 1988.

4. Schmidt R, Rassow J, Haverkamp U, et al. Physikalisch-tech-
nische Perspective der Neutronentherapie in Deutschland.
Strahlenther Onkol 1993; 169: 171-8.

5. Fitzpatrick PJ, Theriault C. Malignant salivary gland tumors.
Int J Radiat Oncol Biol Phys 1986; 12: 1743-7.

6. Vikram B, Strong EW, Shah JP, Spiro RH. Radiation therapy
in adenoid-cystic carcinoma. Int J Radiat Oncol Biol Phys
1984; 10: 221-3.

7. Borthne A, Kjellevold K, Kaalhus O, Vermund H. Salivary
gland neoplasms: Treatment and prognosis. Int J Radiat
Oncol Biol Phys 1986; 12: 747-54.

8. Rafla S. Malignant parotid tumors. Cancer 1977; 40: 136-
44,

9. Fu KK, Leibel SA, Levine ML, Friedlander LM, Boles R,
Phillips TL. Carcinoma of the major and minor salivary
glands. Analysis of treatment results and sites and causes of
failure. Cancer 1977; 40: 2882-90.

10. Stewart JG, Jackson SW, Chew MK. The role of radiother-
apy in the management of malignant tumors of the salivary
glands. Am J Roentgenol Radium Ther Nucl Med 1968; 102:
100-8.

11. Dobrowsky W, Schlappack O, Kircher KH, Pavelka R,
Kment G. Electron beam therapy in treatment of parotid
neoplasm. Radiother Oncol 1986; 6: 293-9.

12. Shidnia H, Hornback NB, Hamaker R, Lingeman R. Car-
cinoma of major salivary glands. Cancer 1980; 45: 693-7.

13. Elkon D, Colman M, Hendrickson FT. Radiation therapy in
the treatment of malignant salivary gland tumors. Cancer
1978; 41: 502-6.

14. Rossman KJ. The role of radiation therapy in the treatment
of parotid carcinomas. Am J Radiol 1975; 23: 492-9.

15. Feldmann HJ, Budach V, Budach W, Molls M, Sack H.
Postoperative  Strahlenbehandlung der  Speicheldriisen-
tumoren: Prognostische Faktoren und Behandlungsergeb-
nisse. Strahlenther Onkol 1991: 167: 261-6.

16. Griffin TW. Pajak TF, Laramore GE, et al. Neutron vs.
photon irradiation of inoperable salivary gland tumors: Re-
sults of an RTOG-MRC cooperative randomized study. Int J
Radiat Oncol Biol Phys 1988; 15: 1085-90.

17. Saroja KR, Mansell J, Hendrickson FR, Cohen L, Lennox A.
An update on malignant salivary gland tumors treated with
neutrons at Fermilab. Int J Radiat Oncol Biol Phys 1987; 13:
1319-25.

18. Catterall M, Errington RD. The implications of improved
treatment of malignant salivary gland tumors by fast neutron
radiotherapy. Int J Radiat Oncol Biol Phys 1987; 13: 1783~
91.

19. Battermann JJ, Mijnheer BJ. The Amsterdam fast neutron
therapy project: A final report. Int J Radiat Oncol Biol Phys
1986; 12: 2093-99.

20. Griffin BR, Laramore GE, Russell KJ, Griffin TW. Eenmaa J.
Fast neutron radiotherapy for advanced malignant salivary
gland tumors. Radiother Oncol 1988; 12: 105-11.

21. Duncan W, Orr JA, Arnott SJ, Jack WL. Neutron therapy for
malignant tumors of the salivary glands. A report of the
Edinburgh experience. Radiother Oncol 1987; 8: 97-104.

22. Tsunemoto H, Morita S, Satho S, Iino Y, Yul Yoo S. Present
status of fast neutron therapy in Asian countries. Strahlenther
Onkol 1989; 165: 330-6.

23. Maor MH, Hussey DH, Fletcher GH, Jesse RH. Fast neutron
radiotherapy for locally advanced head and neck tumors. Int
J Radiat Oncol Biol Phys 1981; 7: 155-63.

24. Ornitz R, Herskovic A, Bradley E. Clinical observations of
early and late normal tissue injury and tumour control in
patients receiving fast neutron irradiation. In: Barendsen GW,
Broerse J, Breur K, eds. High LET radiation in clinical
radiotherapy. New York: Pergamon Press, 1979: 43-50.

25. Eichhorn HJ. Pilot study on the applicability of neutron
radiotherapy. Radiobiol Radiother 1981; 22: 262-92,



286

26.

27.

28,

29.

30.

31.

32,

33,

34.

35.

36.

38.

39.

40.

41.

R. SCHWARZ ET AL.

Skolyszewski J, Byrski E, Chrzanowska A, Gasinska A, Rein-
fuss M. A preliminary report on the clinical application of fast
neutrons in Krakow. Int J Radiat Oncol Biol Phys 1982; 8:
1781-86.

Krill A, Schwarz R, Heyer D, et al. Results of fast neutron
therapy of adenoidcystic carcinoma of the head and neck at
the neutron facility Hamburg-Eppendor{. Strahlenther Onkol
1990; 166: 107-10.

Laramore GE, Stelzer KJ, Griffin TW, et al. Fast neutron
radiotherapy: The University of Washington experience (Ab-
stract). Proceedings of the Nordic Conference on Neutrons in
Research and Cancer Therapy. 1993 April 29—30; Linkoping.
Pétter R, Naszaly A, Hemprich A, et al. Neutron radiother-
apy in adenoidcystic carcinoma: Preliminary experience at the
Miinster neutron facility. Strahlenther Onkol 1990; 166: 78—
85.

Potter R, Kovacs G, Haverkamp U, Loncar I. Assessment of
tumor remission based on imaging data (one-, two-, three-
dimensional) in adenoid-cystic carcinoma of the minor sali-
vary glands after neutron radiotherapy. In: Breit A, Beuck A,
Likas P, Kneschaurek P, Mayr M, eds. Advanced radiation
therapy. Tumor response monitoring and treatment planning.
Berlin, Heidelberg: Springer, 1992: 765-74.

Potter R, Prott FJ, Loncar I, Haverkamp U, Kovacs G,
Willich N. Results of radiotherapy with fast neutrons in
adenoidcystic carcinoma (ACC) with emphasis on assessment
of tumor remission (Abstract). Proceedings of the Workshop
of EORTC Heavy-Particle Therapy Group and European
Clincal Heavy-Particle Dosimetry Group (ECHED) 1993
March 11-13, Brussels.

Schmitt G, Mills ED, Levin V, Pape H, Smit BJ, Zamboglu
N. The role of neutrons in the treatment of soft tissue
sarcomas. Cancer 1989; 64: 2064-68.

Pickering DG, Steward JS, Rampling DG, Errington RD,
Stamp G, Chia V. Fast neutron therapy for soft tissue sar-
coma. Int J Radiat Oncol Biol Phys 1987; 13: 1489-95.
Franke HD. Clincial experience with treatment of more than
500 patients with fast neutrons (DT, 14 MeV) since 1976 in
Hamburg-Eppendorf. In: Lapis K, Eckhart S, eds. Lectures
and symposia [4th international cancer congress, Budapest
1986, Vol. 8. Basel: Karger. Akademiai Kiado, 1987, 93-
106.

Salinas R, Hussey DH, Fletcher GH, et al. Experience with
fast neutron therapy for locally advanced sarcomas. Int J
Radiat Oncol Biol Phys 1980; 6: 267-72.

Richard FL, Renard A, Wambersie A. Neutron therapy of
soft tissue sarcomas at Louvain-La-Neuve (Interim results
1987). Strahlenther Onkol 1989; 165: 306-8.

. Cohen L, Hendrickson FR, Mansell J, et al. Response of

sarcomas of bone and soft tissue of neutron beam therapy. Int
J Radial Oncol Biol Phys 1984; 10: 821-4.

Pelton JG, Del Rowe JD, Bolen JW. Fast neutron radiother-
apy for soft tissue sarcomas: University of Washington experi-
ence and review of the world’s literature. Am J Clin Oncol
1986, 9: 397-400.

Battermann JJ, Breur K. Fast neutron radiotherapy for lo-
cally advanced sarcomas. Int J Radiat Oncol Biol Phys 1981:
7. 1051-53.

Tsunemoto H, Shinroku S, Arai T, Katsutani Y, Kurisu A,
Umegaki Y. Results of clinical trials with 30 MeV d-Be neu-
trons at NIRS. In: Abe M, Sakamoto K, Phillips TL eds.
Treatment of radioresistant cancers. Amsterdam: Elsevier,
1979: 115-26.

Duncan W, Arnott SJ, Jack WIL. The Edinburgh experience
of treating sarcomas of soft tissue and bone with neutron
irradiation. Clin Radiol 1985; 37: 317-20.

42.

43.

45.

46.

47,

48.

49.

50.

51

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

Ornitz R, Herskovic A, Bradley E. Treatment experience:
Locally advanced sarcomas with 15 MeV fast neutrons. Can-
cer 1980; 45: 2712-16.

Budach V, Dinges S, Bamberg M, Baumhoer W, Donhuijsen
K, Sack H. Neutron boost irradiation of soft tissue and
chondrosarcomas at the West German Tumour Centre in
Essen. Strahlenther Onkol 1990; 166: 63-8.

. Tepper JE, Suit HD. Radiation therapy alone for sarcoma of

soft tissue. Cancer 1985; 56: 475-9.

McNeer GP, Cantin J, Chu F, Nickson JJ. Effectiveness of
radiation therapy in the management of sarcoma of the soft
somatic tissue. Cancer 1968; 22: 391-7.

Duncan W, Dewar JA. A retrospective study of the role of
radiotherapy in the treatment of soft-tissue sarcomas. Clin
Radiol 1985; 36: 629-32.

Windeyer B, Dische S, Mansfield CM. The place of radiother-
apy in the management of fibrosarcoma of the soft tissue. Clin
Radiol 1966; 17: 32-40.

Leibel SA, Transbaugh RF, Wara WM, Beckstead JH, Bovill
EG, Phillips TL. Soft tissue sarcomas of the extremities:
Survival and patterns of failure with conservative surgery and
postoperative irradiation compared to survery alone. Cancer
1982; 50: 1076-83.

Morales PH, Lindberg RD, Barkley HT. Soft tissue angiosar-
comas. Int J Radiat Oncol Biol Phys 1981; 7: 1655-9.
Schwarz R, Kriill A, Calamini MP. Results of radiotherapy in
soft-tissue sarcomas. In: Breit A, Heuck A, Lukas P,
Kneschaurek P, Mayr M, eds. Advanced radiation therapy.
Tumor response monitoring and treatment planning. Berlin,
Heidelberg: Springer, 1992: 770-84.

Schmitt G, Rehwald U, Bamberg M. Neutron irradiation of
primary bone tumors. J Eur Radiother 1982; 3: 145-6.
Laramore GE, Griffeth JT, Boespflug M, et al. Fast neutron
radiotherapy for sarcomas of soft tissue, bone, and cartilage.
Am J Clin Oncol 1989; 12: 320-6.

Harwood AG, Krajbich JI, Fornasier VL. Radiotherapy of
chondrosarcoma of bone. Cancer 1980; 45; 2769-77.
McNaney RC, Lindberg RD, Ayala AG. Fifteen year radio-
therapy experience with chondrosarcoma of bone. Int J Ra-
diat Oncol Biol Phys 1982; 8: 187-90.

Errington RD. Advanced carcinoma of the paranasal sinuses
treated with 7.5 MeV fast neutrons. Bull Cancer (Paris) 1986;
73: 569-76.

Schwarz R, Hiibener KH. Fast neutron radiotherapy for
advanced malignant tumors of the paranasal sinuses.
Strahlenther Onkol 1990; 166: 99-101.

Budach V, Bamberg M, Sack H, Rauhut F, Rassow J. Neu-
tron therapy of low grade ‘pencil’ gliomas of the spinal cord:
a review of ten cases. Strahlenther Onkol 1989; 165: 315-9.
Russel KJ, Laramore GE, Krall JM, et al. Eight years experi-
ence with neutron radiotherapy in the treatment of stages C
and D prostate cancer: updated results of the RTOG 7704
randomized clinical trail. Prostate 1987; 11: 183-9.

Bagshaw MA, Cox RS, Ray GR. Status of the radiation
treatment of prostatic cancer at Stanford University. Natl
Cancer Inst Monogr 1988; 7: 47-60.

Hanks GE. External-beam radiation therapy for clinically
localized prostate cancer: Patterns of care studies in the
United States. Natl Cancer Inst Monogr 1988; 7: 75-84.
Miiller RD, Czeglarski G, Bamberg M, Budach V. Die
primére Strahlentherapie des Prostatakarzinoms—Essener
Ergebnisse bei 173 Patienten. Strahlenther Onkol 1987; 163:
755-63.

Perez C, Pilepich MV, Garcia D, Simpson JR, Zivnuska F,
Hederman MA. Definite radiation therapy in carcinoma of
the prostate localized to the pelvis: Experience at the



63.

64.

65.

66.

67.

68.

NEUTRON THERAPY THE GERMAN EXPERIENCE

Mallinckrodt Institute of Radiology. Natl
Monogr 1988; 7: 85-94,

Shipley WU, Prout GR, Coachman NM, et al. Radiation
therapy for localized prostate carcinoma: Experience at the
Massachusetts General Hospital (1973-1981). Natl Cancer
Inst Monogr 1988; 7: 67-73.

Taylor WJ, Richardson RG, Hafermann MD. Radiation ther-
apy for localized prostate cancer. Cancer 1979; 43: 1123-7.
Laramore GE, Krall J, Thomas FJ, et al. Fast neutron
radiotherapy for locally advanced prostate cancer: Results of
an RTOG randomized study. Int J Radiat Oncol Biol Phys
1985; 11: 1621-7.

Laramore GE, Krall JM, Thomas FJ, et al. Fast neutron
radiotherapy for locally advanced prostate cancer—Final re-
port of a Radiation Therapy Oncology Group randomized
clinical trial. Am J Clin Oncol 1993; 16: 164-7.

Franke HD, Klosterhalfen H, Becker H. Die Kombinierte
Behandlung undifferenzierter Prostatakarzinome (Stadium C)
mit Megavoltstrahlung und schnellen Neutronen (DT,
14 MeV). Verhandlungsbericht der Deutschen Gesallschaft fiir
Urologie, 398. Tagung Wiirzburg 1986. Heidelberg: Springer,
1987, 103-4.

Duncan W, Arnott SJ, Orr JA, Kerr GR. The Edinburgh
experience of fast neutron therapy. Int J Radiat Oncol Biol
Phys 1982; 8: 2155-7.

Cancer Inst

69.

70.

71.

72.

73.

74.

75.

287

Franke HD, Langendorff G, He8 A. Die Behandlung von
Rektumkarzinomen mit schnellen Neutronen (DT, 14 MeV)
in Hamburg-Eppendorf (1976-1986). Zbl Rad 1987; 134:
174,

Engenharg R, Kimming B, Héver KH, Strauss LG, Lorenz
WIJ, Wannenmacher M. Photon-neutron therapy for recurrent
colorectal cancer—follow-up and preliminary results.
Strahlenther Onkol 1990; 166: 95-8.

Laramore GE, Bauer M, Griffin TW, et al. Fast neutron and
mixed beam radiotherapy for inoperable non-small cell car-
cinoma of the lung: Results of an RTOG randomized study.
Am J Clin Oncol 1986; 9: 233-43.

Stewart G, Griffin TW, Griffin BR, et al. Neutron radiation
therapy for unresectable non-small-cell cancer of the lung. Am
J Clin Oncol 1989; 12: 290-4.

Eichorn JA, Lessel A, Matschke S. Comparison between
neutron therapy and 60 Cobalt gamma ray therapy of
bronchial, gastric and oesophagus carcinomata. Eur J Cancer
1974; 10: 361-4.

Eichorn JA. Results of a pilot study on neutron therapy on
600 patients. Int J Radiat Oncol Biol Phys 1982; 8: 1561-5.
Schnabel K, Vogt-Moykopg 1, Berberich W, Abel U. Ver-
gleich einer Neutronen—mit einer Photonenbestrahlung des
Bronchialkarzinoms. Strahlenther Onkol 1983; 159: 458-
64.



