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Tablee
Comparisonof mean variancesand ranges ot heat dose parameters for oral and

dermalsquamous cell carcinomas and melanomas

ComparisonDermal

squamous
Oral squamous
Significance
Dermalsquamous
Oral melanoma
Significance
Oral squamous
Oral melanoma
SignificanceNo.

ofsubjects

evalu
ated10

61056

5Variance289

2078
0.01 < p < 0.025

289
1150

p < 0.005
2078
1150

p>0.5Range

(degree-min
utes)29.7

100
0.005 <p< 0.010

29.7
82.6

0.1 <p<0.2
110
82.6

p>0.5

of canine dermal melanomas, it is not currently possible to
examine whether improved thermal dose patterns would lead to
improved long-term control for that histology. The mechanism

for the high initial response rate is unclear, but may be related
to vascular collapse within the tumor bed. Those tumor cells
which are deeply infiltrated into adjacent normal tissue and which
are (a) not affected by the vascular collapse; and (b) not heated
adequately may be responsible for tumor regrowth. Based on
this analysis, it is reasonable to conclude that the experience
with melanomas in this study may not be predictive of long-term

response of human melanomas to A + XRT.
Correlation between Early and Long-Term Tumor Re

sponse. The major emphasis of this paper has been to compare
the incidences of tumor CR rates and response durations. A
relatively simple way to make this comparison is through the use
of TRRs and RRRs. These descriptive statistics have been
discussed in detail in the "Appendix." In this case, both statistics

have been derived so that numbers greater than one indicate
improvement in response with adjuvant heat.

The size of the statistics relates to the magnitude of the
advantage. For example, the TRR for mammary adenocarinomas
was 4.57 (Table 3). This can be interpreted as meaning that a
tumor receiving A + XRT has a 4.57-fold greater risk (chance)

of achieving a CR than if it were treated with XRT alone. Similarly,
the RRR of 7.82 means that a tumor has a 7.8-fold greater

chance of maintaining heat response than a similar tumor treated
with XRT alone that has been followed for the same length of
time. The TRRs and RRRs were of similar magnitude for mast
cell sarcomas, mammary adenocarcinomas, squamous cell car
cinomas, fibrosarcomas, and all histological groups combined
(without melanomas). In all of the cases, the values are greater
than one, indicating a therapeutic advantage for heat. Formal
testing showed the advantage to be significantly different com
pared to one for mammary adenocarcinomas and the combined
population without melanomas. Therefore, in these cases, the
initial response rates seemed to be good predictors of long-term

response. However, 2 examples were shown which demon
strated a lack of correlation between CR rates and response
duration. In one case (malignant melanoma), the A + XRT
response rate of 100% (TRR = 8.00; Table 4) totally misrepre
sented the relative duration of response, where A + XRT was
significantly shorter than XRT alone. On the other extreme,
dermal squamous cell carcinomas demonstrated no significant
difference in CR rates for the 2 treatments but demonstrated a
highly significant improvement in response duration. The results
of this study underscore: (a) the inherent dangers involved in
analyzing new therapeutic modalities in a setting where only

initial tumor response can be evaluated; and (b) the necessity
for establishing Phase II testing of A + XRT in human patients
where the ultimate objective is long-term local control. In some

cases, modalities which cannot maintain long term response may
advance to Phase III studies. Conversely, new modalities may
be overlooked because the initial responses are no different than
controls, whereas they may improve response duration.

Summary. The results of this study were: (a) initial and long-
term response of tumors to A + XRT were not reliably correlated;
and (b) long-term response of squamous cell carcinomas was

related to tumor site. Analysis of thermal dose data indicated
this difference might be the result of wider dose distributions for
oral compared to dermal sites.
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APPENDIX

Statistical Considerations (2, 3)
TRR. The TRR is defined as:

% of CR with A + XRT
% of CR with XRT alone

This statistic is commonly used in prospective studies of disease incidence,
comparing a group with a risk factor to a group without; hence, the name, "relative
risk." If the TRR is greater than unity, a benefit is indicated for the A + XRT group,
whereas, if the TRR is less than one, more CRs occurred in the XRT-alonegroup.
The question naturally arises: if we observe a TRR greater than one, can we be
sure that it indicatesa true therapeutic benefit, or could the 2 treatments be equally
advantageouswith respect to CR rate, and by chance we observed a high TRR?
That is, is the TRR statistically different from one? To answer this question, onewould use a \'' test to see if the 2 CR rates differ (18). Where appropriate, such

tests have been performed on the data presented here. Given that a difference is
statistically confirmed, the TRR indicates the strength of the difference. If the TRR
is 2.0, then a CR is twice as likely with A + XRT as it is with XRT alone. If the TRR
is 0.3, then a CR occurs only 30% as often with A + XRT as it does with XRT
alone.

Relationshipbetween the TRR and the Thermal EnhancementRatio. The
thermal enhancement ratio is ascertained for a specified biological isoeffect, e.g.,
50% tumor control, by:

Thermal enhancement ratio
XRT dose required to get effect using XRT alone
XRT dose required to get effect using A + XRT

If adjuvant heat has therapeutic benefit, then the thermal enhancement ratio will
be greater than unity. If not, the thermal enhancement ratio will be no more than
one. Thermal enhancement ratios can be calculated when several different XRT
doses have been used but cannot be calculated when all animals received the
sameXRT dose, as was done in this study. The TRR and the thermalenhancement
ratio are alike in that values greater than unity denote a therapeutic benefit for
adjuvant heat, and values less than one denote a therapeutic disadvantage for
adjuvant heat. However, they differ when one attempts to interpret the magnitude
of the ratio. A TRR of 3 means that animalswho received A + XRT are 3 times as
likely to achievea CR than are those receivingXRT alone. A thermalenhancement
ratio of 3 means that 3 times the XRT dose is needed for an isoresponse if used
atonerather than with heat.

Response DurationCurve Analysis. Becausethe animalsin thisstudyhave
been followed for different periods of time posttreatment, the Kaplan-Meier or
product-limit method of calculating the responseduration curves was used. In this
method, the fraction of animals without disease progression at a specific time
posttreatment is the ratio of those animals who had been followed for that long
and had not recurred,divided by the total numberof animalsthat hadbeenfollowed
for that long. Thus, the curve drops at each time when a recurrence is observed.
These recurrences are represented by a symbol on the chart. The small vertical
bars on the charts reflect time points where an animalwas censored, i.e., at least
one animalwas followed to that time posttreatment without a recurrence.

To compare 2 response duration curves (e.g., to compare the curve for A +
XRT to that for the XRT alone), 2 statistics are applicable. For both the logrank
and Wilcoxon statistics, the expected number of recurrences in each group is
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calculated under the null hypothesis assumption that both groups are recurring at
an equal rate per week of observation. Therefore, the expected number of recur
rences takes into acount any difference in follow-up times for the 2 groups. This

expected number is then compared to the observed number of recurrences.
The logrank and Wiicoxon statistics, although testing the same hypothesis, do

so in different ways. The Wiicoxon statistic weights differences between observed
and expected number of recurrences heaviest where there are the most observa
tions, i.e., at early times posttreatment, whereas the logrank places equal emphasis
to differences at each time point. Therefore, the Wiicoxon test is more likely to
detect differences in the curves at early time points, and the logrank is more likely
to detect differences at later follow-up times. Those interested in a further discus
sion of these techniques should refer to the works of Peto et al. (16, 17), of E.
Gehan (A generalized Wiicoxon test for comparing arbitrarily singly censored
samples, Bkxnetrika, 52: 203-223, 1965), and of N. Breslow (A generalized
Kruskal-Wallis test for comparing K samples subject to unequal patterns of cen
sorship, Biometrika, 57: 579-594,1970).

RRR. In addition to the formal statistical methods used to compare response
duration curves, we wanted a descriptive measure of the relative therapeutic
benefit of the 2 treatments. We used the ideas of Peto et al. (16, 17), adapted
slightly, to calculate a RRR.

For each animal, we recorded the time from end of treatment until recurrence
or the last date they were seen and were stable. The number of recurrences
observed depended of the number of weeks the animals had been followed: i.e.,
those who had been followed for only a short period of time did not have as much
chance to recur as did those followed for a longer period. Under the null hypothesis
of no treatment difference, the recurrence rates are the same for both groups and
would differ only if one group had, on the average, longer follow-up than the other.
Therefore, the expected number of recurrences is calculated for each treatment
group, based on an overall estimated recurrence rate and the observed follow-up
times in that group. If one treatment is worse than the other, more occurrences
will be observed in that group than were expected, so that the ratio of observed/
expected would be greater than one. At the same time, the ratio of observed/
expected in the better group will be less than one. Therefore, the ratio:

RRR

Observed recurrences with XRT / Observed recurrences with A + XRT

Expected recurrences with XRT / Expected recurrences with A + XRT

will be greater than unity if XRT is the worse treatment and less than one if A +
XRT is worse.

Note on Interpretation

Both the TRR and RRR are valuable tools to describe the strength of
treatment differences for initial responses and response durations, re
spectively. In contrast, formal statistical tests (logrank, Wiicoxon, and
x2) are the proper means to arrive at significance levels. However, once

a difference has been found statistically significant, the TRR and RRR
can be used to describe the magnitude of the effect, and can suggest
new questions to be asked.
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