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pETERMINATION OF PARAMETERS FOR THE LINEAR-
QUADRATIC MODEL FOR RADIATION-INDUCED
LUNG DAMAGE

To the Editor: The problems of deriving «/§ ratios from dals in which
verall time varies was demonstrated recently In an excellent papet by
1 der Kogel e ad (7), This paper contzined inleressing tesults comparing
¢ effects of factionation for x-rays and piony on mouse lung. Singe
£y recognized that time wag 1 potential problsm, they used four different
-cerdures to derive e/ rafios. The resulting /8 ratios and lime factors
sderived in the paper of van der Kogel ef @f (7) are summarized in
anle 1, lines 1-3.

One problem with the use of the squation of Travis and Tucker (5)
that the derivation of the thne faclor requires an assumed off ratio
il the derivation of an /8 ratie using this forralism requirves an we-
med time factor, We have regently moditied the Travis and Tucker
iproach such that an a/8 ratic aad 2 v/ time faetor can be determined
nulteneously from one set of duta (8). The desoription of the meth-
iojogy ean be found, in detsil, in refgrence 8. The resultanl equation
mparing two {soetfect doses is piver by

b — 1) + {e/ + di)
{c/f + da) ’

N
Eﬂ D 8
D

(

wre Dz, Dy, d;, und d; are Lwo isoeflestive total doses and doses per
ction, iz and ¢, are the times for the two diffarent fructionztion schizmes,
doy/p s the factor for the eléet of time.
By vearranging £q (1), we ohtained the following

Dy - D, = flald D, - AmDy) A yfolin — 1) (2}
this forrmela nand m represent any two differert fractionation schems
th the same biotogical effect,
action of the form -

¥y gy +oasXs, )]
it Bt valugs for 4y, 4z, and a, can be obtained where a, = 8/a, 03 = v/
y= Dy = Dy, %, = 4D, — d,Dpp, and % ~ 1y — b, With these
Jaliong, o/ F and v/ ratios can be derermined using a multiple linsar
iession procedure found in the stutistical software package (1). The
ultant &/# ratios #nd /3 time factors for the x-rays and pion dats of
1 der Kopel e /. (7) ace shown in line § of Table L. Our 2/4 ratio for
4y5 Is clearly differeat from the o/ ratios determined without the
Jusion of rimge but consistent with that reported by others. Our 4/#

Tably 1, Linear quadratie purametacs for lung damaygs data
from van der Kopel & 2l (7)

aff ¥if ajf v/

{Gy) (Cyydwyy (Gy) (Gy'/aay)
. X-IUys XeTHYS pions pions
F, plot (2) 0.6 — 44 -
Vacker voumtion (5) o7 — 39 -
}}irect analysts (Thames graf (4) 0.6 — 4.] —
Uravis and Tucker cquation (5) 10 2.6 — —
\5rayg} {assumed) (derived)
Teavis and Tucker equation (3) — — §-10 2.4
(piuns) {derived) {nseumied)

Van Dyk of of, (8) 30+£14 23+ 13 561058 L0+035

By performing a least squares fit to a
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time factor 8 similar to that derived by the Travis and Tueker procedure
as well 18 the gverage value of 2.7 & 1.4 Gy*/day that we derived (8)
based ¢n data from 2 nwmber of published reports., Faor plons, our derved
off ratio is 5.6 1 0.9 Gy while our v/8 ime factor i3 1.0 = 0.5 Gy*/day,
The latter vulue is different from 2.6 Gy'/day assumed by van der Kopel
& al (7). The apparent reduced effect of tme for plons demanstrates 4
trend wihich is eonsistent with the observaltion by Field and Horasey (3)
thut higher LET radiations, in their ease nsutrons, exhibit g smaller change
in biologicul effect as a result of chynging the overall trextment time.

While van der Kogel ¢f al. (7) recogniesd the time problem in duriving
a/@ ratios for lung, others have not. In reviewing the likruture (8), we
found that seversl authors hud derived /8 ratios from (e lung rasponse
data of Wara f of. (9), The derived ratios from the same experimental
duta ranged between 1.8 and 5.5 Gy, that is, 3 variation of a fictor of 3
dependiog on the method of delerminyiion and whether or not time was
considered, In sutimary, the neglect of e in dervation of /8 ratios
epuld yield substantially different valugs. W beliove that overall reutment
time, when relevant, is an smportant consideration m the {future devel-
opinent and potential olinical 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 cotments reparding the
interesting artlcle by Watking ez o/ (18) on the Ineszaged radiosensitivity

. of AlDS patients with Kaposi's sarcoma. Kaposi®s surcoma (KS) has

upparently existed from ancient fimés but was first deseribed by Kapost
in 1872. A gecond malignancy, usyally malignant lymphomas, supervenss
or precedes KS in up 1o ong-third of cases {1} It is more comnion in
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men than womea and mese common in oider DeTsong, mean age early
sixties (range 22-94) (8, 93, It is alsa more common in individunls of
Jewish and Medisertanean guscent (£, 6). The oceasional appearance of
the disease in brothers und male twins, a3 well as in other members of

the s2me family, has led others 10 suggest that theye may be genetic or . -

environmental factors that contribute to the predisposition to the disease
(4). Aceording to & report published by the Cenler for Diserse Control
in the Efnited States in 1981, there are only two previously noted excep-
tions to the ubeve epidemiologieal pattern. The first coours in un endemic
belt across eouatorial Africy whers Kaposi's sarcoma commoniy ffects
children and young adults and accounts for up to 9% of all cancers.,
Secondly, the divease uppears b have a higher incidence in rengl trungplant
recipients and in others recelvimy immusosuppressive therapy (8). In
the latter group the disease appears 348 months ulter the eornmencenent
of treniment and tends to be of 3 more senerdlized and agpressive torm,
The tumor it relatively sensitive to radiation therapy, This therapy is
successfully used in the treatment of “elagsical™ KS, with minimal com.
plications,

"The resulls are not as goad in transplant patients and individuals, with
digeases such as lupus erythematosus, who are receiving predoisone; azg-
thioprine or other immunasuppressive drugs. However, when the im-
muncsippressive drugs are discontinued of mduced the tumier in some
of these putients may rearacs completely or partially and is sucssssfully
breated with very smmull doses of radiation (10 Gy) (4, 6).

Sipee 1981, a third exception to the commmon epideminlopical patierns
of K8 bas been recognized. The disease also appears with high freqnency
in AIDS patients, Unlike the case of “classieal” K& where minimal toxicity
is associated with radiotherapy, the freatment of this tymar in AIDS
patients iy ayociated with very high morbldity, necessitating discontin.
uation of trentmient, which resulte from radiosensitization of the nonw
malignant tissue (13, 18).

Some authors atiribule the radivsensitization to interferon with which
thelr patients were treated concurmently (13), Hlowever, Watking er af
have shown (hat this is an walikely cause. They have also shown that
e slatns of the patient’s immuns sysiem af the Hme of irradlation dees
not gppear 1o impact upon the development of radiation toxicity (18).

It is well known that elestron alfinity s the dominant properey uffecting
the ability of a compound to act us 5 sensilizer; the higher the oxidative
pawer of the compound the more efictive it 35 ay g sumaitizer. Thiy
reslization has considerably aided the search for new sensitizers (1, 16),
One of the fastars most direotly related to catlular radiotoxicity 1s the
oxidation of celiular sulphydiyl groups (SH groups) by oxidizing agents.
Onee the cellular SH groups are ouidized, unless subsequently reduced,
the cell smainy rdiosensitive evea in the absences of the agent which
indneed their oxidation {17}, Nitroso compounds, ingluding niirites; nre
strne of the best' known radiosensitizers {12, 16, 20).

In Ameriea, nitrites hyve bosn uged, sporadieally, a8 recreational drugs
by both heterosexvals and homosexuuls singe the 19607, However, in
abowt 1974 there was an enormous incresse of sweh use by homosexual
individuals which was reparted in “every comer of gay Life" (100, At
about 1hi same lime y very high inorense in hamogexual promiscuity
was alio abuerved, This practice leads to very high amounts of sperm
being deposited in the restum of some homesexuals (passive partmer),
from where it is absorbed in the general circulation, Ejaculated sperin
5 ulso known 10 be a powerfil oxidan (11). Thus, nitrites and sperm,
alone or in combimtion, vould induce g high exidative stress in ho-
mosexuils with K8 cavsing radiceensitization snd increased toxieity, U
may alse be of interest that difficulties are alsn eacountered in the treat
ment of P. cerinit poeumons of the ALDS patients dus to 2 conversion
of hemoglobin to matiemoplobin, 2 process known 1o be jndused by all
onidizing agents, including nitritey wnd some of the drugs used to treat
P, varinii pnecmonis (10, 14),

Presently, it is generally accepted that AIDS Is capsed by Muman
Immuaodeficlency Virus (HIV} and that KS is the main clinjcal char-
uetenistic oF AIDS. Gllg put forward the relrovirus hypothesis of AIDS
In 198%, but the theory does not sxpluin why K3 is present mainly, if
hot exclusively, in homosexuals rather than other ALDS sk grotps,
This, as well as other factors, leads to the emerging consensus that IV
is not the causative agunt of KS in AIDS pafients (2,3, 11, 19). Gallo
himself admits that *, . |, the precise role HTLV in the predisposition
of the disease is unolear™ (21 )- Nitrites and spetm are not only radiosen-
sitiding apents but glug immunosuppressive, muidgenic, mitogenic and
surcinagenic. For this end other ressons nitrites and sperm, neting either
alone or synergistically have been posiulated as the causative agents of
K8 in ALDS pationts {1 [}, The above data wouid sugpest, as one of us
has proposed elsewhere (11}, the Bllowing eombingtion therapy for KS
in AIDS patients:
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1. Cessalion of nitrites intake and anally deposited sperm, The p
enily abserved longer survival of AIDS patients with KS may be dyg
charge in hiestyls, :

2. Localized radiotherapy or byperthermia.

3. Administration of antioxidsnts and in particalar sulphydryl o
Dounds which are knowa to correct immune deficiencies {7) to inhj
the toxie effeels induced by radistion in normal Sseie thys permik
a Moy radicul local irradiation (12), 2nd also to gugment the effaayg
hyperthqrmia (15), .
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THE EFFECT OF DOSE ON LOCAL CONTROL
OF PROSTATE CANCER

Ta the Editor: I read with considerable interegt “The effeer of dose on
1acal control of prostaty cancer™ by Dr. Hanks und collsagues (4), This
communication ix, obviowsly, of considerable interest sinee it contains
such & uigue, larpe data base of prosrate cancer patients treuted with o
varety of doses. However, despite the large number of patiems who are
reported, the patterns of care ontcome surveys dre still fundamentally
relrospactive reviews and are subjective to the myriad biases that frustrale
interpretation of all retrogpective reviews. Indeed, the authors have care-
fully looked at snme of these biases by assessing the effect of histologie
grade, ormonal therapy, photen encrpy, and field size on in-field re-
curtence Tates, Although the authors have been appropriately cuntlous
in their interpretation of this information, I believe the following issues
should be addressed:

1. 'How were patients declared wligible for this apalysis: Prior patterns
of eare papers have anulysed anly 574 of yn oripingl 6§72 patients reviewed
(37 with positive nodes, 14 without doses, and 57 with unknown shge
wert gxefuded) (1, 3, S This anelysis discussed 667 patients, 14 ol whom
had unknown stage and were excluded. Presumably, the patients with
positive nodes are now included within the analyss. If this s the cags,
In what sense are they considered Stupe A-C, and why at they not
tonsidered at Jeast D17 Likewise, the second nutional survey (197§) onig-
inally reviewsd 685 patients (372 Stage B, 228 Stage C), There is again
spme diserepancy in the numbers with the present report, and the reader
s left witheut 2 clear understanding of the prucise cligfbility criteria or
the number of patients excluded as ineligible from the original Dumber
of patients reviewgd.

2. What is the follow-up of paiients in this study? This dala is not
given in the preseut puper, and all recurrencs rates ars actusrially com-
puied, Although prior patierus of care communications (2) have docu-
mented that some of these patisnts bave 10-yvear scfual tollow-up, pre-
sumably the number of patients actually followed at 10 years is gquime
sml, What percent of the orginally reviewed as well as the eligible
eatients had actual follow-up at 3, 5, und 10 years without being cunsored
dueto inelipihility or lack of [olow-up? This issue is extremely important
becglusr: of the propensity of prastue cancey to maunifest locat failwre ut
Detiods exceeding 5 und L0 years of follow-up, If the current duts set js
mmature, that is, if an inspificient number of patjents have actual 5«
aud 10.year follow-up, then it Ay be premature to assume that thee
k& o relationship of dose w in-field recurrence in Stage B palicats betwesn
&0 and 70+ Gy, since with firther follow-up, one muy, indged, see sig-
nl?lcmt differences in locyl control. Likewise, more oatare follpw-up
Inight negate the ypparent relationship of dose to in-field recersence in

lﬂLj.t: C patients, since patients treated with more aggressive doses may
wihibit inoreasing in-figld recurrence rates and thus eliminats the apparent
mprovement in Lol contnl,

3. Was the apparsnt improvement in local control for Stage C patietts
Ureated with 70+ Gy due to dose or other factors? The authors have
demonstrated that more poorly differentiated tumnors have a profoundly
alverye affect on locul control, Sinee the effect of grade appeared to be
of presier mugnitude than the effect of dese, it s important 1o know
:’;"f[ﬂ‘lﬂr the appurent dose effect persists after udjustment for the effect

Sl2ge,

. This already imporiaat paper would be further strengiizened if these
185ues were addressad,

STEPHEN R. SMALLEY, M.D,
Drepartment of Radimion Qneology
University of Kansas Medical Center
Kansas City, KS 66207
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RESPONSE TO STEPHUEN R. SMALLEY, M.D.

To the Editor: | .uppreciﬂm Dr, Smalley"s communication and will
respond gy possible oF perlinent.
First, pléase don't confuse the Patterns of Care retrospegtive stady

" fechnology with any other retrospeative study reported, Muny of the

notental biases in & retrospective study were eliminaled by the sumpling
design developed [n coordination with Dr. Sedransk, Thess studies were
a brief window in time, 2 yeurs for the 1973-1974 padents and 1 year
for those treated in 1578, This eliminatas the influgnce of slage migration
und of changes in adjuvant therapy and trestment techinelogy that bave
plagusd the usnal retrospective studies which require {020 years (o
accumulate a fow hundred patients in a single institution. As previously
explained in detail, afl facilities in the Unied States were identified,
characterized and then each yirata randomly sampled ia proportion {o
ils national presencs so that the data obtained ure true natipnal averages.
In uddiling, individus! cases selected for review al a given institution
were Tandomly selected from the total sesn during the Hme Interval, thus
providing a stcond level of random sumpling designed 1o further seduce
bigs. This twa-leve! randem sampling is not present in any single jneth
tution relrogpective study. .

The dose response tabulution based on A,-B, C slaging dos not show
a dose tesponse effect between 6000 and 7000 rads, That does not mesn
dose is not imporiant between those bracksts, rather one could not be
seen. A previous analysis of the 1973-1974 duta by the UICC T, N, M
system was, in fact, more diseriminating, suggesing efftcts bebwean 6000
und 7000 rads. Unfortunately, ne one uses that system any lopger and
the A, B, C systern remaing preferred over the most recent bul inadequate
AJC aystem. The lack of fine detail in these clinical dose tesponse ob-
servielions is true, but the clear observation of a doss effeet is nearly
unique in mdiation therapy. It is parficofacly important when you coss
sider the daty buse is the hest control study outside of a prospective
clinten! wrigd. Obviously, » prospective trial could nol treat patients with
the lose doses (<6000 rads) necessary to skow that higher doses are good.

Regarding patient numbers, the 1973 natioral survey confains §82
patients, {be 1973 largs fucility survey 190 patiems, and the 1978 nutiona
survey 770 paticats. Deducted from thess 1642 cases wers 57 implats
and 52 patients with unknown stage yielding 1533 patients. For the
subgroup analysis questioning dose, deduct 17 putients with unknown
dose. For the subzroup concerning grads, deduct 246 pativnts where
grade could not be identified, and for the sdjuvant hormone question,
dedust [7 patients for which this was unknown, The gnulysis of energy
of treating machine was knawn for all 1333 paticats, Patients with N+
status were left in this analysis where the endpoirl was logal control.

Reparding follow-up, the 1533 patients with known stage renged in
follow-up from [ month to 10 years 2 months: 1244 patlents at risk for
3 years, 577 at risk for 5 years, and 3135 at fgk for 7 years. In the figures
presented, the curves werg continued to the end of the dot as they were

- flat, The tables preseat the delafled analysis used in detersining the

statistics for comparison of the ealive curves. 1u this analysis the tabular
data was not considered when group size full below ten patienis as in-
diculed by an asterisk in the mbles,

Regarding the quesiion of effect of grade on dose response for Stage
C, an analysis was done for Stags C patients in whicly dose was related
1> infield recurrences while steatifying for grade. The stratified by grade




