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IN MOST Western countries lung cancer is the
number one cancer killer and its incidence 1s still
rising, particularly in women [1]. One of the
major considerations in the treatment of lung
cancer is that the majority of patients present with
unresectable lesions at the time of diagnosis. For
many years, radiotherapy has played an important
role in the management of patients with lung
cancer. Radiation has been used as a curative
modality, but most often as a palliative treatment
for distressing symptoms produced by either the
intrathoracic tumor and/or its metastatic spread.
During the past decade, a better knowledge of the
natural history of lung cancer, coupled with
extraordinary technological advancements and
improved cooperation with other disciplines, has
led to a better understanding of the role played by
radiotherapy in the management of this disease.

This review will focus mainly on radiation
treatment of the non-small cell lung cancer
(NSCL): squamous cell, large cell and adeno-
carcinomas.

At diagnosis at least one-third of all patients
with lung cancer are found to have unresectable
disease. In these patients radiation has been used
for several decades as the primary therapeutic
modality, but its exact role has not yet been well
defined. Although it has been firmly established
that a few patients can be cured with radiation
therapy (5-yr survival <10% in most series), there
are still two different opinions as to its actual
purpose: an immediately curative or a more
conservative approach (Table 1) [2-7]. Some
investigators advocate an immediate and aggres-
sive radiation therapy treatment using doses

Accepted 16 February 1984.

997

above 50 Gy, which appear to be necessary to
achieve local control of the disease and thus cure
[2,8-12]. Others advocate a more conservative
approach, waiting to treat patients when
symptoms develop and then using only moderate
doses of radiation [5, 13]. The latter attitude is
based on observations indicating that survival
after irradiation, even with a curative intent, is
poor because of a high incidence of distant
metastases. This conclusion tends to be supported
by a few reported randomized trials. Morrison
compared surgery to radiation therapy with 45 Gy
given in 4 weeks for squamous cell carcinoma; at
4 yr survival rates were 30% with surgery and only
6% for the irradiated group [14]. In 1968 Roswitt
et al. reported a 22% 1-yr survival after 40-50 Gy
given in 4-5 weeks, in contrast to 16% for controls
[15]. The Oxford group compared no treatment
until symptoms occurred, immediate radio-
therapy (40 Gy delivered in 4 weeks with
orthovoltage), chemotherapy or a combination of
these two modalities; the mean survival time was
similar for all the different treatments employed
[13]. However, the following comments are in
order: patients had inoperable (large) tumors, no
systematic staging system was used and the
radiation dose offered was certainly too low to
achieve any adequate tumor control.

Different modern diagnostic procedures, which
include gallium scans, bone and liver scintigrams,
echography and computed tomography (CT),
allow for more precise and accurate staging of
lung tumors. Therefore patients with metastatic
disease could be excluded from an aggressive
(curative) radiation approach. Furthermore, a
conservative approach, waiting for the disease to
become symptomatic, implies that achieving
local tumor control with radiation would not
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Table 1. Survival rates after radiotherapy for patients with
inoperable lung cancer
Survival rate (%) at:
Ref. Patient No. lyr 3yr 5yr Comments
(8] 284 30 - 6
5] 515% 36 - 6 1"0.
6] 348 _ 9 56 selection
2] 104 50 19 16 favorable group
99 31 0 - unfavorable group
[4] 96 65 22 12 squamous cell ca.*
7] 40 75 27 225 operable non-sccl

*ca. = carcinoma; sccl = small cell carcinoma of the lung.

influence survival. On the contrary, during the
last few years several studies have shown that
control of the primary lung tumor is associated
with a significant prolongation of survival and
appears to be a requirement for cure. For example,
in a series of 72 patients with unresectable
squamous cell carcinoma of the lung treated with
a dose higher than 50 Gy, Coyet al. reported a 2-yr
survival rate of 69% for complete responders, 26%
for partial responders and 11% for non-
responders [4]. Similar results have been reported
by several other groups (Table2) [8, 9, 11, 12,
16-18].

Table 2. Relationship between tumor response and
survival in non-small cell lung cancer

Survival
Median 1yr 3yr
Ref. Response Patient No. (weeks) (%) (%)
4] CR* 35 - 83 54
PR 19 - 84 5
NR 18 - 50 6
[13] PR 57 58 57 -
NR 75 28 37 -
[18] CR 14 63.7 +75 -
(VALG) PR 116 46.7 + 45 -
NR 213 31.0 + 30 -
[11] CR 63 68.8 - -
(RTOG) PR 144 444 - -
NR 168 30.6 - -

*CR =complete response; PR = partial response; NR =no
response.

Therefore, from the radiation oncologist’s
point of view, all efforts should be made towards a
better loco-regional control; this should be more
efficient when the least bulk of tumor is present;
thus, waiting may limit the effectiveness of
irradiation.

RADIATION PARAMETERS

Optimal dose

The optimal dose of radiation is still subject to
debate. In the past, many studies used only
survival as an endpoint without looking at the

loco-regional tumor control or to prognostic
factors such as stage, grade, performance status or
weight loss. Information is now available from
different sources which include data from
autopsies, surgical specimens or randomized
clinical trials.

Several clinical studies have shown an increase
in tumor response, loco-regional control and even
survival with doses in excess of 50 Gy [8-10, 12,
17]. In a series of 67 autopsies, Rissanen et al.
reported no residual tumor in the irradiated
volume in 18 cases; all of them received more than
40 Gy and the tumor was always smaller than
8 cm [19]. When surgical specimens were analyzed
after planned preoperative irradiation, the tumor
was sterilized in 27-35% of the cases treated with
doses of 40-55 Gy [20, 21]. In all these studies the
effect of radiation dose was assessed retro-
spectively and selection of patients may have
influenced these results. However, the RTOG
carried out a prospective randomized trial looking
for the best dose-time schedule in NSCL cancer
[11]. Four regimens were compared: three
continuous radiation schedules with a daily dose
of 2 Gy to a total of 40, 50 and 60 Gy and a split-
course schedule (5 X 4 Gy in 1 week followed by 2
weeks of rest and another series of 5 X 4 Gy for a
total of 40 Gy). The lowest doses (40 Gy) given
either continuously or with the split-course
technique were clearly inferior to 50 or 60 Gy both
in terms of response rates and loco-regional
control: intrathoracic relapse rates were 52% with
40 Gy, 41% with 50 Gy and 30% with 60 Gy.
Nevertheless, there were no statistically significant
differences in the 2-yr survival: 19% with doses of
50 Gy or more and 11% with doses of 40 Gy. An
interesting observation was the relation between
tumor size, dose, tumor response and local
control: for tumors smaller than 6 cm, local
relapses were significantly lower for doses of
50 Gy or more; in contrast, there were no
differences for tumor greater than 6 cm or non-
measurable lesions. All these findings indicate
that the optimal dose of radiation for lung cancer
must be in the range of 50-60 Gy.
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Treatment quality

Other characteristics of the treatment are also
important factors not only for tumor control, but
also for the unavoidable radiation damage
induced to the normal tissues. In lung cancer the
treated volume must include the tumor with a
safety margin, the ipsilateral and contralateral
hila, the mediastinum and possibly both
supraclavicular areas. Inadequate coverage seems
to have a detrimental effect on survival: in the
RTOG study median survival dropped from 46 to
20-30 weeks [11].

Thoracic irradiation with high doses represents
a challenge to radiation oncologists related to the
limited tolerance of vital organs within the
irradiated field: spinal cord, lungs and heart. All
radiation-induced damage is time-dose-volume-
related [16, 22-24]. The threshold dose for
radiation myelitis with conventional fractiona-
tion is 45 Gy and there is an increased risk for
larger fractions given over a shorter period of
time. Radiation pneumonitis and fibrosis are
directly related to the dose and inversely related to
the volume treated: doses in excess of 25 Gy
delivered to the whole lung may produce
permanent damage.

Nevertheless, recent technical developments
have helped to improve the quality of the
radiation treatment: CT, computed treatment
planning, sharper radiation beams and
individually tailored fields of irradiation to cover
precisely the tumoral extent. CT has brought two
major advances: it provides precise information
about tumoral extension and its relationship to
surrounding structures and/or dose-limiting
organs and it offers cross-sectional data through-
out the proposed treatment volume, giving
quantitative information for tissue inhomo-
geneity corrections. The information provided by
CT has been shown to change the treated volume
in one-third of patients with lung cancer [25].
Precise treatment with oblique ports, shrinking
fields following suitable responses and also
careful shielding allow delivery of doses in excess
of 50 Gy without a major increase in radiation
toxicity [8, 9].

Unconventional fractionation

Split-course schedule. During the last decade
unconventional fractionation schedules (split-
course, hypofractionation, hyperfractionation. . .)
have stimulated new interest. The split-course
technique, using daily fractions for 1-2 weeks
followed by a rest period of 2-4 weeks and a second
course of daily irradiation, has become popular.
This technique was already advocated by Scanlon
in 1959 [26] and by Sambrook in 1964 [27]. Both
investigators observed a better treatment tolerance.

Theoretically, the rest period allows for a
reparative process of the radiation damage, which
is more rapid in normal tissue than in tumors. It
also allows for a better reoxygenation of hypoxic
cells as the tumor is reduced in size; this should
make the remaining, better oxygenated tumor
more sensitive to a second course of irradiation.
Besides these theoretical reasons, the main
advantage of split-course schedules is certainly
that of an improved convenience to patients and
physicians: there is a reduction in the number of
treatments given, a rest period, and also it allows
physicians more prolonged periods of observation,
which can avoid the delivery of the second course
of irradiation in the presence of progression.

Several studies have been conducted to assess
the effectiveness of split-course schedules com-
pared to the more conventional daily treatments
[11, 28-34]. In the already mentioned RTOG
study the split-course schedule (5 X 40 Gy in 1
week repeated after 3 weeks of rest) yielded lower
I1- and 2-yr survival rates, lower response rates and
poorer local control than continuous irradiation
with 50 or 60 Gy [11]. These findings do not
confirm the initial report of Abramson and
Cavanaugh showing a benefit with this type of
split-course schedule; however, in that study the
1-yr survival was actually very poor in the control
group (14%) [28]. Other trials have shown no
differences between the two techniques of
irradiation either in terms of survival or response
rates (Table 3) [30-33]. The only conclusions that
can be drawn is that split-course schedules are
certainly no more efficient or toxic than
continuous irradiation provided that adequate
doses and proper protection are given. Further-
more, the negative findings of the RTOG studies
do not constitute proof that the split-course
approach, in general, may not be valid; there are
many different types of split-course schedules
which can deliver very different biological doses.
The split-course radiation technique certainly
remains a more convenient schedule for a
combined approach with cytotoxic drugs. How-
ever, there are some specific problems with the use
of split-course schedules and their large daily
fractions: the incidence of late effects, particularly
radiation myelitis, is increased [35].

Hypofractionation. Schedules using large
fractions of 4-6 Gy given in a particular
continuous or interrupted fashion were often used
for technical conveniences: hyperbaric oxygen
treatment, overloaded treatment units, patients
living at long distances from a radiation center.
This approach has gained a new interest with the
advent of radiosensitizers, radioprotectors and the
use of integrated chemotherapy programs.

For lung cancer, once-a-week radiation has
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Table 3. Split-course vs conventional radiation: randomized trials

Response  Local

Survival (%) rate relapse
Ref. Histology Treatment Patient No. lyr 2yr 3yr (%) (%)
50 Gy 5 weeks 158 27 - 7 56 -
32] ALL 27.5 Gy 2.5 weeks — 27.5 Gy 2-5 weeks 105 29 - 7 70 -
50 Gy 5 weeks 25 36 - 4 - -
*
301 sq.cca. 25 Gy 2 weeks — 25 Gy 2 weeks 37 2 - 8 - -
60 Gy 6 weeks 42 14 - - - -
(28] ALL 20 Gy 1 week — 20 Gy 1 week 49 8 - - - -
20 Gy 1 week — 20 Gy 1 week - - 46
[11] sq.c.ca. 40 Gy 4 weeks 161 _ 11 _ 51 51
adenoc. 50 Gy 5 weeks 76 - 19 - 66 42
nscl 60 Gy 6 weeks 64 - - 61 35
20 Gy 1 week — 20 Gy 1 week 51 12 - - - ~
311 ALL 30 Gy — 30 Gy 46 2% - - - -
33] 20 Gy 1 week — 20 Gy 1 week 137 - 9 - 36 no dif.
L sq.c.ca. 30 Gy 3 weeks — 30 Gy 3 weeks 132 B 32 41
60 Gy 6 weeks 56 36 - - 58 -
(29] ALL 20 Gy2weeks ~20Gy2 weeks —20Gy2 weeks 38 38 - - 63 -

*sq.c.ca. = squamous cell carcinoma; adenoc. = adenocarcinoma; nscl = non-small cell carcinoma.

been mainly used by Schumaker: patients were
treated with one large single fraction of 5 Gy
delivered weekly over 12 weeks to a total of 60 Gy.
Survival was similar to that obtained with more
conventional schedules [36]. In a pilot study
conducted in Rochester this program yielded a
high response rate (75%), a lower loco-regional
failure rate and, most importantly, it was very
well tolerated by the patients; the radiation-
induced esophagitis was not seen during the
course of the treatment. The number and severity
of radiation-induced fibrosis was not increased
and radiation myelitis was not observed. Never-
theless, the radiation fields were usually reduced
after 30 Gy to boost only the primary target with
concomitant spinal cord protection [37].

The major concerns with a hypofractionated
treatment regimen are the potential risk of
increased late toxicity and also a possible
reduction in tumoral control. Using histologic
examinations of bronchial tumors removed at
operation or autopsy following radiation,
Eichorn observed a higher proportion of negative
specimens after a low daily dose when this was
compared to large fractions: 53 vs 13% for
operable tumors and 29 vs 18% for inoperable
tumors [38]. In a review of the experience at the
Medical College of Wisconsin, the reduction in
the number of fractions per week was associated
with a decrease in tumor control [39]. Prospective
randomized trials are presently on-going to assess
the effectiveness and late damage occurring with a

hypofractionated schedule. Preliminary results
show a better short-term survival for patients
treated with 51 Gy given in 17 fractions of 3 Gy
once weekly when compared to a continuous
irradiation of 50 Gy in'5 weeks: the mean survival
was respectively 11.5 vs 8 months [40]. At the
University of Maryland preliminary reports of a
randomized trial comparing conventional daily
2 Gy for 60 Gy in 6 weeks to 5 Gy once-weekly for
60 Gy in 12 weeks indicates a better tolerance, a
higher response rate and no differences in late
effect or survival with the use of the hypo-
fractionated regimen [41].

RADIATION INNOVATIONS

Even with the best radiation schedule, loco-
regional relapses and distant metastases remain as
major issues against success. There are several
approaches to improve radiation therapy
effectiveness: increasing the biological dose to the
tumoral tissues, increasing the tumor’s sensitivity
to radiation (radiosensitization), increasing
normal tissue threshold for radiation damage
(radioprotection) or adding a systemic treatment
to try to control distant metastases.

Human tumors are composed of both oxic and
hypoxic cells. The former are located at the
periphery of tumors and are very sensitive to
fractionated irradiation whereas hypoxic cells are
more centrally located and radioresistant. Oxygen
concentration at the tumoral level is a critical
factor to enhance and permit the full effect of
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radiation. Using multiple fractions of radiation,
reoxygenation occurs: cells that were relatively
hypoxic during exposure to a previous dose may
become better oxygenated and therefore more
sensitive at the time of subsequent doses [42].
Different approaches have been developed to
overcome these problems and they will be
discussed briefly.

Hyperbaric oxygen

This is one possibility to increase the oxygen
content and effectiveness of irradiation. As
oxygen is transported by hemoglobin in the blood
its concentration can influence the control of the
tumor by radiation. Uterine cancer victims with
hemoglobin levels below 12mg% had a
significantly lower pelvic control (regardless of
the stage of the disease), which increased after a
transfusion done prior to irradiation {43]. In
clinical practice the use of hyperbaric oxygen
requires a complicated and expensive set-up. This
technique was mainly studied by the Medical
Research Council in the U.K. and showed some
improvement in local control with advanced
cancer of the cervix [44]. In Portsmouth the
schedule of irradiation was the most important
factor in defining the role of hyperbaric oxygen in
lung cancer: when small daily conventional
fractions were used there were no differences in
survival, but when six fractions of 6 Gy were given
in 18 days, survival at 2 yr for squamous cell
carcinoma was 24.6% with hyperbaric oxygen and
only 12.4% for irradiation in air [45]. In another
randomized trial patients were treated with 12 X
4 Gy in air or hyperbaric oxygen; local control
and survival were similar in both arms [46].
Nevertheless, this treatment is still limited by
technical difficulties.

Radiosensitizer

Another approach to overcome the problem of
hypoxia relates to drugs which could selectively
increase the sensitivity of hypoxic cells and which
would be easier to use than the hyperbaric oxygen
chamber. Following the work of Adams et al.,
several compounds (nitroimidazoles) have been
identified which seem to increase, both in vitro
and in experimental tumors :n wvivo, the
sensitivity of hypoxic cells provided that an
adequate concentration of the compounds reach
the tumors [47, 48]. However, the full exploita-
tion of available radiosensitizers is limited by
toxicity: peripheral and central neuropathies are
observed with total doses higher than 10 g/m?in 1
week or 15 g/m? in 6 weeks. This toxicity has
curtailed the use of these compounds and has
imposed specific new strategies to accommodate
them: larger and fewer fractions of radiation to

use the maximum benefit of each drug dose and
still avoid exceeding the toxic dose level; high
doses of the drug given with a few conventional
fractions or multiple daily fractionation schedules;
and finally low doses of the drug given with a
conventional treatment [49].

Several phase III studies with radiosensitizers
are on-going in many different tumors; most of
them have not shown any improvement with the
use of these substances for lung cancer. Two
clinical trials have been published: patients with
limited disease were treated with 35 Gy in 6
fractions over 3 weeks or with a split-course
schedule (5 X 40 Gy repeated after 3 weeks); in
both studies misonidazole did not improve the
local control of the survival [50, 51]. New and
potentially better radiosensitizers are being
developed; a less toxic drug is needed which
would be more easy to use with a daily
conventional fractionation program.

Hyperthermia and high linear energy transfer
(LET) radiation

Two other approaches are still under investiga-
tion for lung cancer: hyperthermia and high LET
radiation. For the former the major problem lies
in technical limitations to produce and measure
controlled hyperthermia for deep-seated structures
{p2]. High LET radiations differ from photon
radiations in that they are less dependent on
oxygen concentration and replication cell-cycle
kinetics, and because they can produce more
damage at the cellular level by a much denser
ionization. The particle beams most commonly
used are fast neutrons; theoretically, they can be of
some benefit in the treatment of lung cancer.
However, the present available data on a limited
number of patients do not show any major
differences with photon beam treatments [53].
Laboratory and clinical pilot studies have
indicated that combining fast neutrons with
conventional photon irradiation (mixed beam)
may achieve an enhanced therapeutic ratio when
compared with fast neutrons alone. An RTOG
study is on-going to test this hypothesis in lung
cancer. Nevertheless, investigations of fast
neutrons must still concentrate on trying to
improve the quality of the equipment, particularly
when neutrons are generated from high-energy
cyclotrons which will require better shaped fields,
and also to identify the tumors that will be more
suitable for this treatment.

Systemic treatment

Combined modality. Distant metastases are the
most common pattern of failure in lung cancer; a
systemic type of treatment is by necessity in order
[10, 17]. Chemotherapy has been used for many
years in non-small cell cancer, but most studies
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have not shown improvement [54]). Some new
drug combinations, particularly with cisplatin,
appear to achieve better results [55-57]. Therefore
it would be interesting to test them in
combination with loco-regional irradiation.
However, the optimal timing of drug and
radiation has certainly not been defined. Chemo-
therapy has been observed to be more effective
when given before radiation in lung cancer, and
head and neck or gynecologic tumors: fibrosis and
damage to the vasculature by radiation have been
offered as the potential explanations for the loss of
effectiveness. Furthermore, using chemotherapy
prior to radiation allows the identification of
tumor sensitivity to drugs and their potential use
for possible maintenance. Nevertheless, care must
be taken to avoid an excessive toxicity and to
deliver an adequate full course of irradiation
without jeopardizing the benefits of a locally
effective treatment.

One interesting approach consists of alternat-
ing courses of chemotherapy and radiotherapy.
For example, Arcangeli et al. [58] used three daily
fractions of radiation combined with a three-drug
program (cyclophosphamide, adriamycin and
methotrexate). Radiation was given on days 1 and
2 (12 Gy in6 fractions) and repeated every week for
a total of 48 Gy in 4 weeks. Chemotherapy was
given the day after the first course of irradiation
and repeated every 3 weeks. This program yielded
a response rate of 74%, with a median survival of
46 weeks. Future studies are still mandatory, but it
must be remembered that combining different
modalities could lead to an undesired increase in
treatment-related complications [59].

Half-body irradiation (HBI). This technique
was developed empirically to treat patients with
symptomatic widespread cancer. This often
produced a rapid symptomatic improvement and
also objective tumor responses [60,61]. The
sequential irradiation of both halves of the body is
possible when a rest period of 4-6 weeks is
provided for hematological recovery. The main

limitation of HBI is normal lung tolerance;
radiation pneumonitis from this unusual delivery
can be fulminating and fatal; the reaction occurs
2-4 months after treatment and is almost
invariably irreversible. The Toronto experience
indicates a very sharp threshold dose for this
complication with doses above 8 Gy [62]. Within
this limitation, doses <8 Gy can achieve a 1-3 log
cell kill, which could well substitute for a cycle of
an active systemic drug combination.

The encouraging results obtained in pilot
studies have led to several clinical trials trying to
explore the role of the HBI technique in lung
cancer, particularly for small cell cancer [63, 64].
In arandomized trial HBI was compared to three-
drug combination chemotherapy (cyclophospha-
mide, lomustine and methotrexate) in small cell
cancer. The radiotherapy program included two
courses of HBI with 8 Gy separated by 6 weeks of
rest and with a lung shield introduced at 6 Gy; a
boost of 35 Gy was later delivered to the primary
tumor. The response rate (88%) and the median
survival for limited disease (42 weeks) were
similar for both treatments. However, in extensive
disease chemotherapy was largely superior, witha
median survival of 44 weeks compared to 15 weeks
for the irradiated group; these findings mainly
reinforce the limitations in cell kill by a single
dose of HBI (Table 4) [65].

In other pilot studies, when upper HBI was
tried as a consolidation technique after a high-
dose induction chemotherapy (cyclophospha-
mide, lomustine and methotrexate) it became
impossible to give maintenance chemotherapy
and thus the technique yielded a poor survival
outcome, whereas it was highly effective after
moderate doses of chemotherapy [64, 66]. In an
ECOG study on non-small cell lung cancer
sequential HBI did not improve survival or
patterns of failure, but was associated with an
increase of late radiation damage in a small
number of treated patients [67]. On the other
hand, an earlier pilot study of the University of

Table 4. Sequential hemibody RT for small cell lung cancer

[65] (631 [66]
Randomized trial High-dose chemot.
H.RT Chemot. H.RT upper HRT
Limited disease
CR* 11717 8/19 - 5/8
PR 5/17 9/19 - 3/8
Median survival {days) 304 302 - 360
Extensive disease
CR 3/13 7/15 5/19 1/4
PR 7/13 6/15 6/19 3/4
Median survival (days) 159 307 119 157

*CR = complete response; PR = partial response; H.RT = hemibody irradiation; Chemot. = chemotherapy.
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Rochester using sequential HBI plus loco-
regional fields indicated a delay but no prevention
of metastatic spread in advanced non-metastatic
non-small cell lung cancer when compared to
retrospective controls treated by split-course
irradiation alone [63]. In its present form, HBI is
still controversial. However, the technique must
not be discarded since further testing is necessary
and new approaches are emerging, such as
fractionation of the HBI technique and its
potential combination with radiosensitizers or
radioprotectors.

Prophylactic brain irradiation. An analysis of
the failure in lung cancer stresses a high incidence
of brain metastases. In an autopsy series the
inctdence varied from 13% for squamous cell
carcinoma to 54% for adenocarcinoma. The most
interesting observation was that brain metastases
were the only site of failure in 6% of patients with
small cell carcinoma and 12% of adenocar-
cinomas [68]. Numerous studies have demon-
strated the effectiveness of prophylactic whole-
brain irradiation in small cell lung cancer [69].
For other histologic types, only one randomized
trial is available: the incidence of brain metastases
was reduce when 20 Gy were given to the whole

carcinoma (4/18 patients vs 1/16 patients), but
this difference was not statistically significant
{68]. It has been stated that although elective
whole-brain irradiation decreases the incidence of
metastatic spread to the brain in small cell
carcinoma, it does not affect survival [69]. Future
improvements in the control of the primary
tumor and other metastatic sites will clearly
outline the necessity for a CNS radiation-
prophylaxy.

At the present time the treatment of patients
with advanced lung cancer is still very frustrating;
only a small proportion of patients can be cured
by radiation. The major contribution of radiation
therapy has been in achieving loco-regional
tumor control. All efforts should be made to
increase this local effectiveness of radiation, but
also to decrease its potential late damage.
Furthermore, most forms of lung cancers, even
when only locally advanced, are in fact
subclinically disseminated. This dictates an
additional need for an effective systemic treatment.
It is important to emphasize that care must be
taken with these approaches in order to not
outweigh the expected benefits by causing an
increase in morbidity and/or a deterioration in

brain, particularly in patients with adeno-

the patient’s quality of life.

REFERENCES
Silverberg E. Cancer statistics. C4 1980, 30, 23-38.

2. Aristizabal SA, Caldwell WL. Radical irradiation with the split-course technique in
carcinoma of the lung. Cancer 1976, 37, 2630-2635.

3. Caldwell WL, Bagshaw MA. Indications for and results of irradiation of carcinoma of
the lung. Cancer 1968, 22, 999-1004.

4. Coy P, Kennely GM. The role of curative radiotherapy in the treatment of lung cancer.
Cancer 1980, 45, 698-702.

5. Deeley TJ, Singh SP. Treatment of inoperable carcinoma of the bronchus by
megavoltage X rays. Thorax 1967, 22, 562-566.

6. Sherman DM, Weichselbaum R, Hellman S. The characteristics of long-term survivors
of lung cancer treated with radiation. Cancer 1981, 47, 2575-2580.

7. Smart J. Can lung cancer be cured by irradiation alone? JAMA 1966, 195, 1934-1035.

8. Cox JD, Byhardt RW, Komaki R. The role of radiotherapy in squamous, large celland
adenocarcinoma of the lung. Semin Oncol 1983, 10, 81-94.

9. Choi NC, Doucette JA. Improved survival of patients with unresectable non-smali-cell
bronchogenic carcinoma by an innovated high-dose en-bloc radiotherapeutic
approach. Cancer 1981, 48, 101-109.

10. Eisert DR, Cox JD, Komaki R. Irradiation for bronchial carcinoma: reasons for failure.
Cancer 1976, 37, 2665-2670.

11. Perez CA, Stanley K, Grundy G et al. Impact of irradiation technique and tumor extent
in tumor control and survival of patients with unresectable non-oat cell carcinoma of
the lung. Report by the Radiation Therapy Oncology Group. Cancer 1982, 50,
1091-1099.

12. Salazar OM, Rubin P, Brown JC, Feldstein ML, Keller BE. Predictors of radiation
response in lung cancer: a clinico-pathological analysis. Cancer 1976, 37, 2636-2650.

13. Durrant KR, Berry R], Ellis S, Ridehalgh FR, Black JM, Hamilton WS. Comparison of
treatment policies in inoperable bronchial carcimoma. Lancet 1971, ii, 715-719.

14.

Morrison R, Deeley T], Cleland WP. The weatment of carcinoma of the bronchus.
Lancet 1963, 1, 683-684.



1004

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

P. Van Houtte, O. M. Salazar and J. Henry

Roswit B, Patno ME, Rapp R et al. The survival of patients with inoperable lung
cancer: a large scale randomized study of radiation therapy versus placebo. Radiology
1968, 90, 688-697.

Salazar OM. Tumor control and radiation toxicity in the treatment of lung cancer: an
analysis of time-dose-volume factors. In: Muggia FM, Rozencweig M, eds. Lung
Cancer: Progress in Therapeutic Reearch. New York, Raven Press, 1979, 267-278.
Cox JD, Eisert DR, Komaki R, Mietlowski W, Petrovich Z. Patterns of failure following
treatment of apparently localized carcinoma of the lung. In: Muggia FM, Rozencweig
M, eds. Lung Cancer: Progress in Therapeutic Research. New York, Raven Press, 1979,
279-288.

Petrovich Z, Ohnian M, Cox J. Clinical research on the treatment of locally advanced
lung cancer, final report of VALG Protocol 13 Limited. Cancer 1978, 42, 1129-1134.
Rissanen PM, Tikka U, Holsti LR. Autopsy findings in lung cancer treated with
megavoltage radiotherapy. Acta Radiol [Suppl] (Stockh) 1968, 7, 433-442.

Bloedorn FG, Cowley RA, Cuccia GA, Mercado R, Wizenberg M]J, Linberg EJ.
Preoperative irradiation in bronchogenic carcinoma. Am J Roentgenol 1964,92,77-87.
Shields TW. Preoperative radiation therapy in the treatment of bronchial carcinoma.
Cancer 1972, 1388-1394.

Rubin P, Cassarett G. Clinical Radiation Pathology. Philadelphia, PA, W.B. Saunders,
1968.

Stewart JR, Fajardo LF. Radiation-induced heart disease. In: Vaeth JM, ed. Radiation
Effect and Tolerance, Normal Tissue, Front, Radiation Therapy and Oncology. Basel,
S. Karger, 1972, Vol. 6, 274-288.

Gross NJ. Pulmonary effects of radiation therapy. Ann Intern Med 1977, 86, 81-92.
Hobday P, Hodson NJ, Husband J, Parker RP, Macdonald JS. Computed tomography
applied to radiotherapy treatment planning: techniques and results. Radiology 1979,
133, 477-482.

Scanlow PW. Initial experience with split-dose periodic radiation therapy. Am J
Roentgenol 1960, 84, 632-644.

Sambrook DK. Split-course radiation therapy in malignant tumors. Am J Roentgenol
1965, 91, 37-45.

Abramson N, Cavanaugh PJ. Short-coure radiation therapy in carcinoma of the lung: a
second look. Radiology 1973, 108, 686-687.

Byar D, Kenis Y, Van Andel JG et al. Results of a EORTC randomized trial of
cyclophosphamide and radiotherapy in inoperable lung cancer; prognostic factors and
treatment results. Eur J Cancer 1978, 14, 919-930.

Carr DT, Shields D, Lee R. Radiotherapy plus 5 FU compared to radiotherapy alone for
inoperable and unresectable bronchogenic cancer carcinoma. Cancer 1972,29, 375-380.
Guthrie RT, Ptacek JJ, Hass AC. Comparative analysis of two regimens of split-course
radiation in carcinoma of the lung. Am J Roentgenol 1973, 117, 605-608.

Holsti LR, Mattson K. A randomized study of split-course radiotherapy of lung cancer:
long term results. Int | Radiat Oncol Biol Phys 1980, 6, 977-982.

Seally R, Lagakos S, Barkley T et al. Radiotherapy of regional epidermoid carcinoma of
the lung: a study in fractionation. Cancer 1982, 49, 1338-1345.

Levitt SH, Bogardus CR, Ladd G. Split-course radiation therapy in the treatment of
advanced lung cancer. Radiology 1967, 88, 1159-1161.

Fitzgerald RH, Marks RD, Wallace KM. Chronic radiation myelitis. Radiology 1982,
144, 609-612.

Schumaker SW. The use of high-energy electrons in the treatment of inoperable lung
and bronchogenic carcinoma. In: Kramer S, ed. High Energy Photons and Electrons.
New York, John Wiley, 1976, 257-284.

Salazar OM, Van Houtte P, Rubin P. Once a week irradiation for locally advanced lung
cancer. Int | Radiat Oncol Biol Phys 1983, 9, 923-931.

Eichorn H]J. Different fractionation schemes tested by histological examination of
autopsy specimens from lung cancer patients. Br J Radiol 1981, 54, 132-135.

Cox ]JD, Byhardt RW, Komaki R, Greenberg M. Reduced hypofractionation and the
potential of hypoxic cell sensitizers in irradiation of malignant epithelial tumors. Int J
Radiat Oncol Biol Phys 1980, 6, 37-40.

Borghini V, Sorest E, Scoccia S, Dinoia C, Botturi M, Leoni M. Once-weekly
radiotherapy in inoperable squamous cell bronchogenic carcinoma. III World
Conference in Lung Cancer. Tokyo, Japan, 1982, 130.

Slawson RG, Salazar OM, Poussin-Rosillo H, Amin PP, Strohl R. Once-a-week vs



42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

Perspectives and Commentaries

conventional daily radiation treatment for lung cancer: preliminary report of a
prospective randomized study. Int | Radiat Oncol Biol Phys 1983, 9, 116.

Hall E]. Radiobiology for the Radiologist. Hagerstown, MD, Harper & Row, 1978, 2nd
Edn.

Bush RS, Jenkin RD., Allt WE et al. Definitive evidence for hypoxic cells influencing
cure in cancer therapy. Br J Cancer 1978, 37, 302-306.

Dische S. Hyperbaric oxygen: the Medical Research Council trials and their
significance. Br | Radiol 1979, 51, 888-894.

Cade 1S, McEwen JB. Clinical trials of radiotherapy in hyperbaric oxygen at
Portsmouth (1964-1976). Clin Radiol 1978, 29, 333-338.

Sause WT, Sweeney RA, Plenk HP, Thomson JW. Radiotherapy of bronchogenic
carcinoma: analysis of treatment schedule designed for use with hyperbaric oxygen.
Radiology 1981, 140, 209-212.

Adams GE, Cooks MS. Electron-affinic sensitization I. A structural basis for chemical
radiosensitizers in bacteria. Int J Radiat Biol 1969, 15, 457-471.

Adams GE, Flockart IR, Smithen CE, Stratford IJ, Wardman P, Watts ME. Electron-
affinic sensitization VII. A correlation between structures, one-electron reduction
potentials and efficiencies of nitroimidazoles as hypoxic cell radiosensitizers. Radiat
Res 1976, 67, 9-20.

Philipps TL, Wasserman T, Stetz J, Brady LW. Clinical trials of hypoxic cell
sensitizers. Int ] Radiat Oncol Biol Phys 1982, 8, 327-334.

Panduro J, Kjaer M, Wolif-Jensen J, Hansen HH. Misonidazole combined with
radiotherapy in the treatment of inoperable squamous cell carcinoma of the lung, a
double-blind randomized trial. Cancer 1983, 52, 20-24.

Saunders MI, Anderson P, Dische S, Martin WMC. A controlled clinical trial of
misonidazole in the radiotherapy of patients with carcinoma of the bronchus. Int J
Radiat Oncol Biol Phys 1982, 8, 347-350.

Suit HD, Gerweck LE. Potential for hyperthermia and radiation therapy. Cancer Res
1979, 39, 2290-2298.

Wanbersie A. The European experience in neutron therapy at the end of 1981. Int |
Radiat Oncol Biol Phys 1982, 8, 2145-2152.

Cohen MH. Bronchogenic carcinoma. In: Staquet MJ, ed. Randomized Trials in
Cancer: a Critical Review by Sites. New York, Raven Press, 1978, 297-330.

Veronesi A, Zagonel V, Santarossa M et al. Cis-platinum and etoposide combination
chemotherapy of advanced non-oat cell bronchogenic carcinoma. Cancer Chemother
Pharmacol 1983, 11, 35-37.

Klastersky J, Longeval E, Nicaise C, Weerts D. Etoposide and cis-platinum in non-
small cell bronchogenic carcinoma. Cancer Treat Rev 1982, 9, 133-138.

Alberto PJ. Chemotherapy of inoperable lung cancer. Int | Radiat Oncol Biol Phys
1980, 6, 1061-1065.

Arcangeli G, Righini R, Nervi G, Donatella T, Hopkins H, Looney W. Pilot study of
multiple fractions per day radiotherapy alternated with chemotherapy in patients with
stage IV non-oat cell lung cancer. Int | Radiat Oncol Biol Phys 1983, 9, 123.
Philipps TL, Wharam MD, Margolis LW. Modifications of radiation injury to normatl
tissues by chemotherapeutic agents. Cancer 1975, 35, 1678-1684.

Salazar OM, Rubin P, Hendrickson FR et al. Single-dose half-body irradiation for the
palliation of multiple bone metastase from solid tumors; a preliminary report. Int J
Radiat Oncol Biol Phys 1981, 7, 774-781.

Fitzpatrick PJ, Rider WD. Half-body radiotherapy. Int ] Radiat Oncol Biol Phys 1976,
1, 197-207.

Van Dyk J, Keane TJ, Kan S, Rider WD, Fryer CJ. Radiation pneumonitis following
large single dose: a re-evaluation based on absolute dose to lung. Int J Radiat Oncol
Biol Phys 1981, 7, 461-467.

Salazar OM, Scarantino CW, Rubin P, Feldstein ML, Keller BE. Total (half-body)
systemic irradiation for occult metastases in non-small cell lung cancer: an Eastern
Cooperative Oncology Group Pilot Report. Cancer 1980, 46, 1932-1944.

Salazar OM, Creech RH, Rubin P ¢t al. Half-body and local chest irradiation as
consolidation following response to standard induction chemotherapy for
disseminated small cell cancer. An Eastern Cooperative Oncology Group Pilot Report.
Int | Radiat Oncol Biol Phys 1980, 6, 1073-1102.

Urtasun RC, Belch AR, McKinnon S, Higgins E, Saunders W, Feldstein M. Small-cell
lung cancer: initial treatment with sequential hemi-body irradiation vs 3-drug systemic
chemotherapy. Br J Cancer 1982, 46, 228-235.

1005



1006

66.

67.

68.

69.

P. Van Houtte, O. M. Salazar and J. Henry

Mason BA, Richter MP, Catalano RB, Creech RB. Upper hemibody and local chest
irradiation as consolidation follcwing response to high-dose induction chemotherapy
for small cell bronchogenic carcinoma. A pilot study. Cancer Treat Rep 1982, 66,
1609-1612.

Eastern Cooperative Oncology Group (ECOG). Protocol EST 3578: localized radiation
vs localized radiation and chemotherapy vs localized radiation and half-body
irradiation for advanced non-small cell lung carcinomas confined to the thorax.
Available from ECOG Operations Office, North Charter Street, 420 Madison, WI,
U.S.A.

Cox JD, Yesner RA. Adenocarcinoma of the lung. Recent results from the Veterans
Administration Lung Group. Am Rev Respir Dis 1979, 120, 1025-1030.

Bleehen NM, Bunn PA, Cox JD et al. Role of radiation therapy in small cell anaplastic
carcinoma of the lung. Cancer Treat Rep 1983, 67, 11-19.



