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EDITORIAL

HYPOFRACTIONATION FOR PROSTATE CANCER RADIOTHERAPY—WHAT
ARE THE ISSUES?

DAVID J. BRENNER, PH.D., D.SC.

Department of Radiation Oncology, Center for Radiological Research, Columbia University, New York, NY

You can’t open a radiation journal these days without some-
one debating the�/� ratio for prostate cancer (1–17). An-
other interesting contribution appears in this edition of the
IJROBP (18). Why the debate? What are the issues? What
might they mean for prostate cancer radiotherapy? In brief,
the arguments have gone as follows:

1. One of the main motivations for delivering a treatment in
many fractions is that late sequelae are generally more
sensitive than early effects (such as tumor control) to
changes in fractionation, so increasing the number of
fractions generally spares late-responding tissues more
than the tumor. This can be quantified in terms of the�/�
ratio:

● A small �/� ratio (2–4 Gy), typical of late sequelae,
means large sensitivity to changes in fractionation.

● A large �/� ratio (� 8 Gy), typical of tumor control,
means low sensitivity to changes in fractionation.

2. It is generally assumed that the mechanistic basis for the
different fractionation response of tumors and late-re-
sponding normal tissues relates to the larger proportion
of cycling cells in tumors. However, prostate tumors
contain unusually small fractions of cycling cells (19), so
back in 1999, Brenner and Hall (1) and Duchesne and
Peters (2) reasoned that prostate tumors might not re-
spond to changes in fractionation in the same way as
other cancers. Both papers hypothesized that prostate
tumors might respond to changes in fractionation more
like a late-responding normal tissue. In mathematical
terms, the suggestion was that the�/� ratio for prostate
cancer might be low, comparable to that for late se-
quelae. If so, much of the rationale for using many
fractions, or using low dose rate, would disappear for
prostate radiotherapy.

3. A first estimate of�/� for prostate cancer was made in
1999 (1) by comparing results from external beam ra-
diotherapy (EBRT) with those from brachytherapy (BT).
Consistent with the theoretical hypotheses (see above),

the estimated value of�/� was 1.5 Gy (95% confidence
interval: 0.8–2.2 Gy), comparable to�/� values for
late-responding normal tissues, and much smaller than
those for most tumors.

4. The problem with this estimate (1) of the�/� value for
prostate, and almost all subsequent estimates (3–11, 13–
18) is that they involve comparing or equating EBRT
results with BT results. There are many pertinent differ-
ences between EBRT and BT (different dose distribu-
tions, different relative biological effectiveness, different
overall times, different institutions, different PSA distri-
butions, hypoxia), any or all of which could bias the�/�
estimate. Much of the debate has centered around the
significance of these biases, and how to take them into
account. Despite these problems, there does seem to be
consensus among most of the analyses that have taken
this approach, that the�/� value for prostate cancer is
indeed quite low, probably in the 1 to 4 Gy range (1, 2,
4–11, 13–16, 18), which is similar to the values for most
late-responding tissues.

5. One analysis has also been performed (12) that avoided
many, though not all, of the potential biases involved in
comparing EBRT and BT. Here, EBRT� a 2-fraction
high-dose-rate (HDR) BT boost was compared with
EBRT� a 3-fraction HDR boost, all done with the same
technique at the same institution. The resulting estimated
�/� ratio for prostate cancer was 1.2 Gy (95% confi-
dence interval: 0.03–4.1 Gy), again comparable with�/�
values for late-responding normal tissues.

6. If the �/� value for prostate cancer is indeed similar to
that for the surrounding late-responding normal tissue,
one could use fewer fractions (i.e., hypofractionate) or
HDR and yet, by choosing the right dose, produce

● Comparable tumor control and late sequelae to con-
ventional fractionation/protraction

● Reduced early urinary sequelae (5)
● Patient convenience
● Financial/resource advantages
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● Potential for biologically based individualized treat-
ments

7. The arguments presented above really relate to the �/�
value for prostate cancer in relation to the �/� value for
the relevant late-responding normal tissue. Just what is
the appropriate �/� value for late rectal complications?
Extensive evidence from animal studies (20–26) sug-
gests that for late rectal sequelae, �/� is �4 Gy—i.e., it
is higher than for most other late sequelae. Although one
must always be cautious of extrapolations from rodents
to man, this higher value for late rectal damage is sup-
ported by clinical results that suggest that much late
rectal injury is actually consequential of early effects
(27–29), and thus a high �/� value for late rectal damage
is not unreasonable.

8. The potentially high value of �/� for late rectal compli-
cations (together with the low value of �/� for prostate
cancer) has two consequences:

● It becomes less likely that the �/� value for prostate
cancer is greater than that for late rectal complica-
tions—the situation where hypofractionation or HDR
would be suboptimal.

● It becomes more likely that the �/� value for prostate
cancer is actually less than that for late rectal compli-
cations—the situation where hypofractionation or
HDR would be optimal.

9. If, then, the �/� value for prostate cancer is actually less
than that for the surrounding late-responding normal
tissue, now hypofractionation or HDR, at the appropriate
dose, would also yield

● Increased tumor control for a given level of late com-
plications, or

● Decreased late complications for a given level of tu-
mor control.

The implication of these considerations is that either
hypofractionated EBRT or HDR BT, at the appropriate
dose, has the potential to yield improved clinical results for
prostate cancer compared with conventional fractionation or
low dose rate.

Hypofractionation in a curative setting, even when the dose
is appropriately lowered, is a prima facie unsettling idea,
particularly because the literature has many examples of large
dose per fraction resulting in unacceptable late effects (30–33).
None of these reports are for prostate cancer, however. To the
contrary, there is a report of 22 years’ experience (1962–84)

with 232 prostate cancer patients treated in London with a 6 �
6 Gy protocol (34): Even with the much poorer dose distribu-
tions than are now routine, minimal long-term urologic or
bowel morbidity was reported. There is also extensive experi-
ence from the Manchester school of treating prostate cancer
with a 15 � 3.1 Gy protocol, both before and since the era of
conformal therapy, again with satisfactory results and without
excess late sequelae (7). As an aside, Sir Laurence Olivier was
treated in 1967 for prostate cancer with a hypofractionated
6-fraction protocol, reported no major sequelae, and lived a
further 22 years (35).

For prostate cancer (and these considerations are unique
to prostate cancer), hypofractionation or HDR deserves
serious consideration. The London and Manchester experi-
ences, together with the analyses summarized here, suggest
that conservatively designed clinical trials (36), with a min-
imum of about 10 fractions, would be low-potential-risk/
high-potential-gain studies.

REFERENCES

1. Brenner DJ, Hall EJ. Fractionation and protraction for radio-
therapy of prostate carcinoma. Int J Radiat Oncol Biol Phys
1999;43:1095–1101.

2. Duchesne GM, Peters LJ. What is the �/� ratio for prostate
cancer? Rationale for hypofractionated high-dose-rate brachy-
therapy. Int J Radiat Oncol Biol Phys 1999;44:747–748.

3. King CR, Mayo CS. Is the prostate �/� ratio of 1.5 Gy from
Brenner & Hall a modeling artifact? Int J Radiat Oncol Biol
Phys 2000;47:536–539.

4. Brenner DJ, Hall EJ. Low �/� values for prostate appear to be
independent of modeling details. Int J Radiat Oncol Biol Phys
2000;47:538–539.

5. Brenner DJ. Toward optimal external-beam fractionation for
prostate cancer. Int J Radiat Oncol Biol Phys 2000;48:315–
316.

6. Fowler JF, Chappell RJ, Ritter MA. Is �/� for prostate tumors
really low? Int J Radiat Oncol Biol Phys 2001;50:1021–1031.

7. Logue JP, Cowan RA, Hendry JH. Hypofractionation for

Sir Laurence Olivier as Hamlet, 1948. Photo courtesy of the
Everett Collection, Inc.

913Hypofractionation for prostate cancer RT ● D. J. BRENNER et al.



prostate cancer. Int J Radiat Oncol Biol Phys 2001;49:1522–
1523.

8. King CR, Fowler JF. A simple analytic derivation suggests
that prostate cancer �/� ratio is low. Int J Radiat Oncol Biol
Phys 2001;51:213–214.

9. D’Souza WD, Thames HD. Is the �/� ratio for prostate cancer
low? Int J Radiat Oncol Biol Phys 2001;51:1–3.

10. King CR, Fowler JF. Yes, the �/� ratio for prostate cancer is
low or “methinks the lady doth protest too much . . . about a
low �/� that is” . Int J Radiat Oncol Biol Phys 2002;54:626–
627; author reply 627–628.

11. Dale RG, Jones B. Is the �/� for prostate tumors really low?
In regard to Fowler, et al., IJROBP 2001;50:1021–1031. Int J
Radiat Oncol Biol Phys 2002;52:1427–1428; author reply
1428.

12. Brenner DJ, Martinez AA, Edmundson GK, et al. Direct
evidence that prostate tumors show high sensitivity to frac-
tionation (low �/� ratio), similar to late-responding normal
tissue. Int J Radiat Oncol Biol Phys 2002;52:6–13.

13. Lee WR. In regard to Brenner, et al. Direct evidence that
prostate tumors show high sensitivity to fractionation (low �/�
ratio) similar to late-responding normal tissue. Int J Radiat
Oncol Biol Phys 2002;53:1392; author reply 1393.

14. Wang JZ, Guerrero M, Li XA. How low is the �/� ratio for
prostate cancer? Int J Radiat Oncol Biol Phys 2003;55:194–
203.

15. Am AM, Mott J, Mackay RI, et al. Prediction of the benefits
from dose-escalated hypofractionated intensity-modulated ra-
diotherapy for prostate cancer. Int J Radiat Oncol Biol Phys
2003;56:199–207.

16. Lindsay PE, Moiseenko VV, Van Dyk J, et al. The influence
of brachytherapy dose heterogeneity on estimates of �/� for
prostate cancer. Phys Med Biol 2003;48:507–522.

17. Nahum AE, Movsas B, Horwitz EM, et al. Incorporating
clinical measurements of hypoxia into tumour local-control
modeling of prostate cancer: Implications for the �/� ratio. Int
J Radiat Oncol Biol Phys 2003;57:391–401.

18. Kal HB, Van Gellekom MPR. How low is the �/� ratio for
prostate cancer? Int J Radiat Oncol Biol Phys 2003;57:1116–
1121.

19. Haustermans KM, Hofland I, Van Poppel H, et al. Cell kinetic
measurements in prostate cancer. Int J Radiat Oncol Biol Phys
1997;37:1067–1070.

20. Terry NH, Denekamp J. RBE values and repair characteristics
for colo-rectal injury after caesium-137 gamma-ray and neu-
tron irradiation. II. Fractionation up to ten doses. Br J Radiol
1984;57:617–629.

21. van der Kogel AJ, Jarrett KA, Paciotti MA, et al. Radiation
tolerance of the rat rectum to fractionated X-rays and pi-
mesons. Radiother Oncol 1988;12:225–232.

22. Dewit L, Oussoren Y, Bartelink H, et al. The effect of cis-
diamminedichloroplatinum(II) on radiation damage in mouse
rectum after fractionated irradiation. Radiother Oncol 1989;
16:121–128.

23. Gasinska A, Dubray B, Hill SA, et al. Early and late injuries
in mouse rectum after fractionated X-ray and neutron irradi-
ation. Radiother Oncol 1993;26:244–253.

24. Dubray BM, Thames HD. Chronic radiation damage in the rat
rectum: An analysis of the influences of fractionation, time
and volume. Radiother Oncol 1994;33:41–47.

25. Brenner D, Armour E, Corry P, et al. Sublethal damage repair
times for a late-responding tissue relevant to brachytherapy
(and external-beam radiotherapy): Implications for new
brachytherapy protocols. Int J Radiat Oncol Biol Phys 1998;
41:135–138.

26. van den Aardweg GJ, Olofsen-van Acht MJ, van Hooije CM,
et al. Radiation-induced rectal complications are not influ-
enced by age: A dose fractionation study in the rat. Radiat Res
2003;159:642–650.

27. Wang CJ, Leung SW, Chen HC, et al. The correlation of acute
toxicity and late rectal injury in radiotherapy for cervical
carcinoma: Evidence suggestive of consequential late effect
(CQLE). Int J Radiat Oncol Biol Phys 1998;40:85–91.

28. Dorr W, Hendry JH. Consequential late effects in normal
tissues. Radiother Oncol 2001;61:223–231.

29. Jereczek-Fossa BA, Jassem J, Badzio A. Relationship between
acute and late normal tissue injury after postoperative radio-
therapy in endometrial cancer. Int J Radiat Oncol Biol Phys
2002;52:476–482.

30. Bates TD, Peters LJ. Dangers of the clinical use of the NSD
formula for small fraction numbers. Br J Radiol 1975;48:773.

31. Peters LJ, Withers HR. Morbidity from large dose fractions in
radiotherapy. Br J Radiol 1980;53:170–171.

32. Hatlevoll R, Host H, Kaalhus O. Myelopathy following radio-
therapy of bronchial carcinoma with large single fractions: A
retrospective study. Int J Radiat Oncol Biol Phys 1983;9:41–
44.

33. Cox JD. Large-dose fractionation (hypofractionation). Cancer
1985;55:2105–2111.

34. Collins CD, Lloyd-Davies RW, Swan AV. Radical external
beam radiotherapy for localised carcinoma of the prostate
using a hypofractionation technique. Clin Oncol (R Coll Ra-
diol) 1991;3:127–132.

35. Cottrell J. Laurence Olivier. Englewood Cliffs, NJ: Prentice-
Hall; 1975. p. 352.

36. Fowler JF, Ritter MA, Chappell RJ, et al. What hypofraction-
ated protocols should be tested for prostate cancer? Int J
Radiat Oncol Biol Phys 2003;56:1093–1104.

914 I. J. Radiation Oncology ● Biology ● Physics Volume 57, Number 4, 2003


	HYPOFRACTIONATION FOR PROSTATE CANCER RADIOTHERAPY—WHAT ARE THE ISSUES?
	REFERENCES


