Int
Pri

. J. Radiation Oncology Biol. Phys.. Vol. 17, p. 695-698
nted in the U.S.A. All rights reserved.

® [Correspondence

0360-3016/89  $3.00 + .00
Copyright © 1989 Pergamon Press plc

DETERMINATION OF PARAMETERS FOR THE LINEAR-

QUADRATIC MODEL FOR RADIATION-INDUCED
LUNG DAMAGE

~

) the Editor: The problems of deriving «/8 ratios from data in which

overall time varies was demonstrated recently in an excellent paper by
van fer Kogel et al. (7). This paper contained interesting results comparing
the effects of fractionation for x-rays and pions on mouse lung. Since
they|recognized that time was a potential problem, they used four different
prodedures to derive «/f3 ratios. The resulting «/f3 ratios and time factors
as derived in the paper of van der Kogel et al. (7) are summarized in
Table 1, lines 1-5.

is

Olne problem with the use of the equation of Travis and Tucker (5)
tHat the derivation of the time factor requires an assumed «/f ratio

and|the derivation of an «/8 ratio using this formalism requires an as-
sumed time factor. We have recently modified the Travis and Tucker
appfoach such that an «/g ratio and a /g time factor can be determined
sim{iltaneously from one set of data (8). The description of the meth-
odology can be found, in detail, in reference 8. The resultant equation
comparing two isoeffect doses is given by

I 4
D, B D, 6(12 t) + (/B + dy)

D, (a/B + dy)

(n

whdre D, Dy, d,, and d, are two isoeffective total doses and doses per
fraction, t, and t, are the times for the two different fractionation schemes,
and v/B is the factor for the effect of time.

By rearranging Eq (1), we obtained the following

D,, — D, = B/a(dyDy — dmDm) + v/altm — 1) (2)

In this formula n and m represent any two different fractionation schemes
with the same biological effect. By performing a least squares fit to a
funiction of the form

y = a, +axx; + azxy, (3)

bes} fit values for a,, a,, and a; can be obtained where a, = §/a, a; = v/

a!

= Dy — Da, x; = duDy — dmDm, and x; =t — t,. With these

equations, «/f and /B ratios can be determined using a multiple linear
regression procedure found in the statistical software package (1). The
restiltant o/ ratios and /8 time factors for the x-rays and pion data of
var der Kogel et al. (7) are shown in line 6 of Table 1. Our «/f ratio for

X-
in

rays is clearly different from the «/B ratios determined without the
clusion of time but consistent with that reported by others. Our v/

Table 1. Linear quadratic parameters for lung damage data
from van der Kogel et al. (7)

a/B v/B af/B v/B
(Gy) (Gy*/day) (Gy) (Gy’/day)

X-rays X-rays pio1 pions
1.|F. plot (2) 0.6 — 4.0 —
2.| Tucker equation (6) 0.7 — 39 —
3.| Direct analysis (Thames et al. (4)) 0.6 — 4.1 —
4/| Travis and Tucker equation (5) 30 2.6 — —
(x-rays) (assumed) (derived)
5.| Travis and Tucker equation (5) —_ — 6-10 2.6
(pions) (derived) (assumed)
6.| Van Dyk et al. (8) 30+1.4 23+1356+09 1.0+0.5
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time factor is similar to that derived by the Travis and Tucker procedure
as well as the average value of 2.7 + 1.4 Gy?/day that we derived (8)
based on data from a number of published reports. For pions, our derived
/B ratio is 5.6 = 0.9 Gy while our y/8 time factor is 1.0 + 0.5 Gy?/day.
The latter value is different from 2.6 Gy*/day assumed by van der Kogel
et al. (7). The apparent reduced effect of time for pions demonstrates a
trend which is consistent with the observation by Field and Hornsey 3)
that higher LET radiations, in their case neutrons, exhibit a smaller change
in biological effect as a result of changing the overall treatment time.

While van der Kogel et al. (7) recognized the time problem in deriving
«/B ratios for lung, others have not. In reviewing the literature (8), we
found that several authors had derived «/f ratios from the lung response
data of Wara et al. (9). The derived ratios from the same experimental
data ranged between 1.8 and 5.5 Gy, that is, a variation of a factor of 3
depending on the method of determination and whether or not time was
considered. In summary, the neglect of time in derivation of a/B ratios
could yield substantially different values. We believe that overall treatment
time, when relevant, is an important consideration in the future devel-
opment and potential clinical application of this formalism.
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AN ALTERNATIVE EXPLANATION FOR THE
RADIOSENSITIZATION OF AIDS PATIENTS

To the Editor: We would like to offer several comments regarding the
interesting article by Watkins et a/ (18) on the increased radiosensitivity
of AIDS patients with Kaposi's sarcoma. Kaposi’s sarcoma (KS) has
apparently existed from ancient times but was first described by Kaposi
in 1872. A second malignancy, usually malignant lymphoma, supervenes
or precedes KS in up to one-third of cases (1). It is more common in
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mén than women and more common in older persons, mean age early
sixties (range 22-94) (8, 9). It is also more common in individuals of
Jewish and Mediterranean descent (1, 6). The occasional appearance of
the disease in brothers and male twins, as well as in other members of
thg same family, has led others to suggest that there may be genetic or
enyvironmental factors that contribute to the predisposition to the disease
(4). According to a report published by the Center for Disease Control
in the United States in 1981, there are only two previously noted excep-
tions to the above epidemiological pattern. The first occurs in an endemic
belt across equatorial Africa where Kaposi’s sarcoma commonly affects
children and young adults and accounts for up to 9% of all cancers.
Sec¢ondly, the disease appears to have a higher incidence in renal transplant
redipients and in others receiving immunosuppressive therapy (8). In
the latter group the disease appears 3-58 months after the commencement
of freatment and tends to be of a more generalized and aggressive form.
The tumor is relatively sensitive to radiation therapy. This therapy is
sugcessfully used in the treatment of “classical”” KS, with minimal com-
plications.

The results are not as good in transplant patients and individuals, with
diseases such as lupus erythematosus, who are receiving prednisone, azo-
thipprine or other immunosuppressive drugs. However, when the im-
munosuppressive drugs are discontinued or reduced the tumor in some
of these patients may regress completely or partially and is successfully
trepted with very small doses of radiation (10 Gy) (4, 6).

Since 1981, a third exception to the common epidemiological patterns
of KS has been recognized. The disease also appears with high frequency
in AIDS patients. Unlike the case of “classical”” KS where minimal toxicity
is associated with radiotherapy, the treatment of this tumor in AIDS
patients is associated with very high morbidity, necessitating discontin-
uation of treatment, which results from radiosensitization of the non-
malignant tissue (13, 18).

Some authors attribute the radiosensitization to interferon with which
their patients were treated concurrently (13). However, Watkins et al.
haye shown that this is an unlikely cause. They have also shown that
the status of the patient’s immune system at the time of irradiation does
not appear to impact upon the development of radiation toxicity (18).
t is well known that electron affinity is the dominant property affecting
the ability of a compound to act as a sensitizer; the higher the oxidative
power of the compound the more effective it is as a sensitizer. This
redlization has considerably aided the search for new sensitizers (1, 16).
Ore of the factors most directly related to cellular radiotoxicity is the
oxidation of cellular sulphydryl groups (SH groups) by oxidizing agents.
Orce the cellular SH groups are oxidized, unless subsequently reduced,
the cell remains radiosensitive even in the absence of the agent which
induced their oxidation (17). Nitroso compounds, including nitrites, are
some of the best known radiosensitizers (12, 16, 20).

n America, nitrites have been used, sporadically, as recreational drugs
by|both heterosexuals and homosexuals since the 1960’s. However, in
about 1978 there was an enormous increase of such use by homosexual
individuals which was reported in “every corner of gay life” (10). At
about the same time a very high increase in homosexual promiscuity
also observed. This practice leads to very high amounts of sperm
being deposited in the rectum of some homosexuals (passive partner),
where it is absorbed in the general circulation. Ejaculated sperm
Iso known to be a powerful oxidant (11). Thus, nitrites and sperm,
ne or in combination, could induce a high oxidative stress in ho-
sexuals with KS causing radiosensitization and increased toxicity. It
y also be of interest that difficulties are also encountered in the treat-
nt of P. carinii pneumonia of the AIDS patients due to a conversion

w»

resently, it is generally accepted that AIDS is caused by Human
munodeficiency Virus (HIV) and that KS is the main clinical char-
acteristic of AIDS. Gallo put forward the retrovirus hypothesis of AIDS
in |1982, but the theory does not explain why KS is present mainly, if
not exclusively, in homosexuals rather than other AIDS rick groups.
Thiis, as well as other factors, leads to the emerging consensus that HIV
is not the causative agent of KS in AIDS patients (2, 3, 11, 19). Gallo
himself admits that “. . . the precise role HTLV-III in the predisposition
of the disease is unclear” (21). Nitrites and sperm are not only radiosen-
sitizing agents but also immunosuppressive, mutagenic, mitogenic and
cafcinogenic. For this and other reasons nitrites and sperm, acting either
alane or synergistically have been postulated as the causative agents of
KS§ in AIDS patients (11). The above data would suggest, as one of us
has proposed elsewhere (11), the following combination therapy for KS
in |AIDS patients:
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1. Cessation of nitrites intake and anally deposited sperm. The pres-
ently observed longer survival of AIDS patients with KS may be due to
change in lifestyle.

2. Localized radiotherapy or hyperthermia.

3. Administration of antioxidants and in particular sulphydryl com-
pounds which are known to correct immune deficiencies (7), to inhibit
the toxic effects induced by radiation in normal tissue thus permitting
a more radical local irradiation (12), and also to augment the effects of
hyperthermia (15).
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THE EFFECT OF DOSE ON LOCAL CONTROL
OF PROSTATE CANCER

To the Editor: 1 read with considerable interest “The effect of dose on
local control of prostate cancer” by Dr. Hanks and colleagues (4). This
communication is, obviously, of considerable interest since it contains
such a unique, large data base of prostate cancer patients treated with a
variety of doses. However, despite the large number of patients who are
reported, the patterns of care outcome surveys are still fundamentally
retfospective reviews and are subjective to the myriad biases that frustrate
interpretation of all retrospective reviews. Indeed, the authors have care-
fully looked at some of these biases by assessing the effect of histologic
e, hormonal therapy, photon energy, and field size on in-field re-
ence rates. Although the authors have been appropriately cautious
heir interpretation of this information, [ believe the following issues
uld be addressed:

. How were patients declared eligible for this analysis: Prior patterns
are papers have analyzed only 574 of an original 682 patients reviewed
with positive nodes, 14 without doses, and 57 with unknown stage
e excluded) (1, 3, 5). This analysis discussed 667 patients, 14 of whom
unknown stage and were excluded. Presumably, the patients with
itive nodes are now included within the analysis. If this is the case,
hat sense are they considered Stage A-C, and why are they not
sidered at least D1? Likewise, the second national survey (1978) orig-
ly reviewed 685 patients (372 Stage B, 228 Stage C). There is again
e discrepancy in the numbers with the present report, and the reader

. What is the follow-up of patients in this study? This data is not
n in the present paper, and all recurrence rates are actuarially com-
puted. Although prior patterns of care communications (2) have docu-
mented that some of these patients have 10-year actual follow-up, pre-
sumably the number of patients actually followed at 10 years is quite
1I. What percent of the originally reviewed as well as the eligible
patients had actual follow-up at 3, 5, and 10 years without being censored
due to ineligibility or lack of follow-up? This issue is extremely important
because of the propensity of prostate cancer to manifest local failure at
periods exceeding 5 and 10 years of follow-up. If the current data set is
immature, that is, if an insufficient number of patients have actual 5-
and 10-year follow-up, then it may be premature to assume that there
is no relationship of dose to in-field recurrence in Stage B patients between
60/and 70+ Gy, since with further follow-up, one may, indeed, see sig-
nificant differences in local control. Likewise, more mature follow-up
might negate the apparent relationship of dose to in-field recurrence in
Stage C patients, since patients treated with more aggressive doses may
exhibit increasing in-field recurrence rates and thus eliminate the apparent
improvement in local control.

3. Was the apparent improvement in local control for Stage C patients
treated with 70+ Gy due to dose or other factors? The authors have
demonstrated that more poorly differentiated tumors have a profoundly
adverse effect on local control. Since the effect of grade appeared to be
of |greater magnitude than the effect of dose, it is imporwnt to know
whether the apparent dose effect persists after adjustment for the effect
of stage.

This already important paper would be further strengthened if these
isshes were addressed.

STEPHEN R. SMALLEY, M.D.
Department of Radiation Oncology
University of Kansas Medical Center
Kansas City, KS 66207
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RESPONSE TO STEPHEN R. SMALLEY, M.D.

To the Editor: 1 appreciate Dr. Smalley’s communication and will
respond as possible or pertinent.

First, please don’t confuse the Patterns of Care retrospective study
technology with any other retrospective study reported. Many of the
potential biases in a retrospective study were eliminated by the sampling
design developed in coordination with Dr. Sedransk. These studies were
a brief window in time, 2 years for the 1973-1974 patients and | year
for those treated in 1978. This eliminates the influence of stage migration
and of changes in adjuvant therapy and treatment technology that have
plagued the usual retrospective studies which require 10-20 years to
accumulate a few hundred patients in a single institution. As previously
explained in detail, all facilities in the United States were identified,
characterized and then each strata randomly sampled in proportion to
its national presence so that the data obtained are true national averages.
In addition, individual cases selected for review at a given institution
were randomly selected from the total seen during the time interval, thus
providing a second level of random sampling designed to further reduce
bias. This two-level random sampling is not present in any single insti-
tution retrospective study.

The dose response tabulation based on A, B, C staging does not show
a dose response effect between 6000 and 7000 rads. That does not mean
dose is not important between those brackets, rather one could not be
seen. A previous analysis of the 1973-1974 data by the UICC T, N, M
system was, in fact, more discriminating, suggesting effects between 6000
and 7000 rads. Unfortunately, no one uses that system any longer and
the A, B, C system remains preferred over the most recent but inadequate
AJC system. The lack of fine detail in these clinical dose response ob-
servations is true, but the clear observation of a dose effect is nearly
unique in radiation therapy. It is particularly important when you con-
sider the data base is the best control study outside of a prospective
clinical trial. Obviously, a prospective trial could not treat patients with
the lose doses (<6000 rads) necessary to show that higher doses are good.

Regarding patient numbers, the 1973 national survey contains 682
patients, the 1973 large facility survey 190 patients, and the 1978 national
survey 770 patients. Deducted from these 1642 cases were 57 implants
and 52 patients with unknown stage yielding 1533 patients. For the
subgroup analysis questioning dose, deduct 17 patients with unknown
dose. For the subgroup concerning grade, deduct 246 patients where
grade could not be identified, and for the adjuvant hormone question,
deduct 17 patients for which this was unknown. The analysis of energy
of treating machine was known for all 1533 patients. Patients with N+
status were left in this analysis where the endpoint was local control.

Regarding follow-up, the 1533 patients with known stage ranged in
follow-up from 1 month to 10 years 2 months: 1244 patients at risk for
3 years, 577 at risk for 5 years, and 315 at risk for 7 years. In the figures
presented, the curves were continued to the end of the data as they were
flat. The tables present the detailed analysis used in determining the
statistics for comparison of the entire curves. In this analysis the tabular
data was not considered when group size fell below ten patients as in-
dicated by an asterisk in the tables.

Regarding the question of effect of grade on dose response for Stage
C, an analysis was done for Stage C patients in which dose was related
to infield recurrences while stratifying for grade. The stratified by grade
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