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Radiotherapy has a key role in curative and palliative
treatments of patients with lung cancer. Important
advances are described in the technique of treatment
delivery and its integration with chemotherapy.
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Radiotherapy is the most commonly used

treatment modality for patients with lung

cancer in the UK, with established, although

frequently ignored,1 indications. It has a role in

early, medically inoperable, and locally advanced

unresectable non-small cell lung cancer (NSCLC),

where some patients are cured, in the palliation of

advanced lung cancer of all types, and in the

adjuvant treatment of limited stage small cell

lung cancer (SCLC) where meta-analyses have

shown it increases survival.2 3 Each of these indi-

cations will be reviewed, with discussion of recent

meta-analyses, the impact of technical advances

in radiotherapy physics, integration of chemo-

therapy with radiotherapy, and studies of radio-

therapy scheduling in radical and palliative treat-

ments. The review is based on a Medline search of

“radiotherapy and lung cancer” from 1996 to

2001 (1549 hits) and hand searches of the

Abstracts of the American Society of Clinical

Oncology and the American Society for Therapeu-

tic Radiology and Oncology since 1999.

CURATIVE RADIOTHERAPY IN MEDICALLY
INOPERABLE NSCLC
Radical radiotherapy
No randomised trial has compared radical radio-

therapy with active supportive care. A Cochrane

review4 identified only one acceptable phase III

trial in this setting—the CHART study—which

showed an increase in 5 year survival for all

patients (60% of whom had stage III disease)

from 7% to 12% with 54 Gy in 36 fractions over 12

days.5 The review identified 26 retrospective

surveys reporting 5 year survival of 0–42%, 5 year

cancer specific survival of 13–39%, and local fail-

ure rates of 6–70%. Outcomes were better with

smaller tumours and higher radiation doses.

Dose escalation
Attempts to improve these results focus on radia-

tion dose escalation above the longstanding

international standard dose of 60 Gy,6 since the

co-morbidities which preclude surgery often pre-

clude high dose chemotherapy while the use of

low dose chemotherapy as radiosensitisation has

not been explored in randomised trials. Dose

escalation has been facilitated by advances in

radiotherapy physics, particularly the techniques

for beam shaping and treatment verification

described below.

In an ongoing phase I trial at Ann Arbor the

radiotherapy dose has been increased using the

estimated risk of radiation pneumonitis based on

the lung volume irradiated.7 To date, the dose

delivered to the largest volumes has been

increased by less than 10%, but with the smallest

volumes it has been possible to almost double the

radiation dose to 102.9 Gy. Other groups are

exploring doses from 77.4 to 94.5 Gy,8–11 having

established that lower doses appear safe.

Importantly for dose escalation, it is becoming

apparent that elective nodal irradiation is unnec-

essary. Failure in unirradiated mediastinal nodes

has not been a problem in the Ann Arbor series,

while a Dutch series reported 2% isolated regional

relapse.12 If the dose escalation studies ultimately

show improved local control, isolated nodal

failure may become more important and the issue

of elective nodal irradiation will need to be read-

dressed.

Unfortunately, increasing the radiation dose in

these studies has often required increased overall

treatment time, and current estimates suggest

that tumour repopulation during treatment ne-

cessitates an extra 0.2–0.4 Gy for each additional

treatment day. CHART was designed to overcome

this repopulation by shortening overall time to 12

days. In the North of Britain, fraction sizes of

2.75–3 Gy delivered to small volumes have been

standard for radical treatments for over 50 years,

allowing 3–4 week treatments rather than the 6–7

weeks used in the United States, Europe, and the

South of Britain. Such fractionation schemes are

now being explored in dose escalation trials to

avoid the problems of increased time13 and in a

current EORTC chemoradiotherapy trial.

Radiotherapy planning and treatment
delivery
Multi-leaf collimation uses 0.5–1 cm tungsten

leaves in the linear accelerator jaws which can be

moved incrementally into set positions at the

start of, or dynamically during, treatment to

allow shaping of the radiation portal to spare

normal tissues and deliver dose gradients across

the radiotherapy volume.

Patient immobilisation and portal imaging

during radiotherapy to monitor set up accuracy

allow tolerances of 5 mm or less in the day to day

variation of field position.14 15 Unfortunately these

tolerances are substantially less than the move-

ments of tumour and normal structures due to

breathing, and this has to be incorporated into

the target volume around the tumour and tissues

at risk of involvement with the cancer. Studies
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measuring this movement have shown it to be maximal in the
craniocaudal direction, with a mean of 12 (2) mm in one
study16 and of 8 (9) mm in another.10 More accurate
delineation of the extremes of tumour movement is being
developed as part of the planning process using slower CT
scans with altered pitch and slice thickness.17

Attempts have been made to limit tumour movement by
breath holding or to make allowance for it by gating
radiotherapy. Significant reductions in the lung volume
receiving more than 20 Gy (V20)

18 and in the average lung dose
delivered19 have been reported when patients held their breath
in deep inspiration, but the mean breath holding time was
only 23 seconds which may be too short for image acquisition
for planning, and two out of 10 patients were unable to
perform this manoeuvre. Gating techniques, such that the lin-
ear accelerator stops irradiation when a marker has moved
more than a certain distance, have been described but no
clinical data have been published.20 21

PET scanning may also improve radiotherapy outcomes,
both by identifying patients with occult metastatic disease22

and allowing more precise definition of the target volume,
decreasing the risk of geographical miss of the tumour and, in
a few patients, reducing the target volume with lower risk of

complications. One study using PET reported target volume

reduction in four patients but increases in seven to encompass

occult nodal disease.23

Radiation morbidity
The dose limiting normal tissues are lung, spinal cord and

oesophagus, with the first being most important with

radiation alone and the third with combined modality

treatment. The risk of acute radiation pneumonitis is related

to performance status,24 25 underlying lung function,24 the lung

volume irradiated, and the radiotherapy dose. The best models

currently available for predicting this are the mean lung dose,

where the risk of pneumonitis increases above 20 Gy26 and the

V20 with greater risk when this is above 40%.27 Data on the long

term effects of radiotherapy on lung function are limited. One

study suggested that patients with good initial lung function

had significant long term impairment in lung function

(15–20%), particularly in gas transfer, but that patients with

poor initial lung function (<50% predicted) showed little long

term change or even improvements in lung function.28 29 A

third study of 31 patients reported a nadir in lung function at

9 months with forced expiratory volume in 1 second (FEV1)

90% and carbon monoxide transfer factor (TLCO) 70% of base-

line, but recovery of FEV1 to original values and TLCO to

approximately 90% of baseline 18 months after treatment.30

Oesophageal toxicity is more severe when synchronous

chemoradiotherapy or multiple daily fractions are given,31 32

but the importance of the length of oesophagus irradiated is

the subject of debate.31 33 34

CURATIVE RADIOTHERAPY IN SURGICALLY
UNRESECTABLE NSCLC
Chemoradiotherapy
There is little doubt that chemotherapy added to convention-

ally fractionated radical radiotherapy produces a small

improvement in survival. No data support the addition of

chemotherapy to CHART. Both a large meta-analysis35 and two

subsequent randomised studies36 37 have shown a small

survival benefit (2–3% at 5 years) for full dose cisplatin-based

combination chemotherapy before radical radiotherapy (table

1). These studies included a wide range of chemotherapy and

radiotherapy regimes, many of which would now be consid-

ered inadequate. It remains unclear whether chemotherapy

should be given prior to or synchronously with radiotherapy

and, if the latter, whether at cytotoxic or radiosensitising doses

(tables 2 and 3). Chemotherapy after radical radiotherapy has

never been formally assessed.

As a result of two studies comparing synchronous full dose

chemotherapy with sequential chemotherapy which indicated

a survival benefit for the former,38 39 this is becoming the

standard of care, particularly in the USA. However, one of

these two studies38 was compromised by suboptimal radio-

therapy, a feature of many such studies where radiotherapy

dose or fractionation is modified to accommodate chemo-

therapy. Moreover, there is also one negative study with an

inferior chemotherapy regime, single agent cisplatin. An

important EORTC study is currently comparing sequential

Table 1 Trials of neodjuvant chemoradiotherapy in NSCLC

Reference No Sample Treatments Median survival p value

NSCCLCCG35 1780 Various C-R, R HR 0.87 0.01
Cullen36 446 Unresectable C-R 12 months 0.14

R 10 months
Sause37 327 Inoperable (CS

II–IIIB)
C-R 13 months 0.04

R 11 months

C-R=sequential chemoradiotherapy; R=radiotherapy.

Table 2 Trials of full dose concurrent chemoradiotherapy in NSCLC

Reference No Sample Treatments
Median survival
(months) p value

Blanke73 240 Unresectable or
inoperable

CR 10 0.35

R 11
Furuse38 314 Unresectable CS III CR 17 0.04

C-R 13
Curran39 611 CS II–III CR 17 0.08

ChfR 16
C-R 15

Mornex74 212 CS IIIAN2–IIIB CR 16 0.55
C-R 14

C-R=sequential chemoradiotherapy; CR=concurrent chemoradiotherapy; R=radiotherapy;
hfR=hyperfractionated radiotherapy.
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chemoradiotherapy at cytotoxic doses and concurrent chemo-
radiotherapy at sensitising doses, delivering 66 Gy in 24 frac-
tions over 4.5 weeks. The safety data accumulating with this
regime suggest that, far from needing to reduce the
radiotherapy dose to accommodate chemotherapy, it may be
possible to dose escalate radiotherapy even when synchronous
chemotherapy is given.

Innumerable phase I and II studies have been carried out
with the third generation chemotherapy agents (taxanes,
topoisomerase I poisons, gemcitabine, and vinorelbine) given
concurrently with radiotherapy, but no phase III studies have
been reported to date.

Radiotherapy alone
In patients who are not fit for chemotherapy CHART is the

treatment of choice, but it is currently available in only nine of

the 56 radiotherapy centres in the UK. This regime has been

modified to exclude weekend irradiation (CHARTWEL) to

make it logistically easier to deliver. A dose of 60 Gy in 40

thrice daily fractions over 18 days is safe and appears worth

pursuing as an alternative to CHART,40 although this will

require further randomised trials to prove equivalence. A

meta-analysis of hyperfractionation found three trials in

patients with NSCLC with a significantly reduced odds ratio of

death of 0.69.41 Trials of increased radiation dose without

altered fractionation have not shown any benefit to date. It

will be important to find out from the ongoing phase I dose

escalation studies whether any meaningful increase above the

10% seen so far for the largest volumes is possible for bulky

stage III disease. If, for different reasons, neither dose escala-

tion nor altered fractionation are possible in the UK, then low

dose synchronous chemotherapy may be worth exploring as a

radiosensitiser,42 43 avoiding the side effect profile of conven-

tional high dose chemotherapy, as may the role of the newer

biological agents such as epidermal growth factor antagonists

or farnesyl transferase inhibitors and agents which exploit

hypoxia such as mitomycin or tirapazamine.44

Survival and quality of life
A Canadian study of 129 patients included radiotherapy as a

covariate in a Cox proportional hazards model of prognostic

and treatment factors.45 Radical (>50 Gy) radiotherapy

increased median survival by 302–488 days with a relative risk

of death of 0.24, while high dose palliative radiotherapy (30–

50 Gy) increased median survival by 31–106 days with a rela-

tive risk of death of 0.53.
A Dutch study examined quality of life prospectively in 164

patients receiving 60 Gy for NSCLC.46 Symptomatic responses

were seen in more than 60% of patients for haemoptysis, pain,

and anorexia, but in fewer than 40% for dyspnoea, cough, and

fatigue. Overall quality of life assessed using EORTC scales

improved in 36%, was unchanged in 40%, and deteriorated in

24%.

POSTOPERATIVE RADIOTHERAPY IN NSCLC
A meta-analysis of 2128 patients treated in nine randomised

trials of postoperative radiotherapy reported a 7% decrease in

survival at 2 years in irradiated patients.47 This effect was

apparent in patients with stages I and II disease but not stage

III. These studies used a wide range of doses, volumes, and

techniques over a 30 year period, and their applicability to

contemporary practice has been debated.48 Radiotherapy does

produce an improvement in local control, particularly in

patients with stage III disease.49 50

This effect on local control is likely to be revisited when the

current generation of adjuvant chemotherapy trials is

complete. Some of those already published report local failure

rates as high as 20%, which may mask the benefits of

increased control of metastatic disease.51 The techniques

which allow higher doses of radical radiotherapy are also per-

tinent to postoperative treatment. However, to allow high

doses of radiotherapy to be focused on sites at high risk of

recurrence, it will be necessary to collect much better data

than are currently available about precise sites of relapse—

whether local at the bronchial resection margin or regional at

nodal sites and, if the latter, which nodal levels are involved for

each primary site. Simply recording failure as locoregional

(somewhere in the chest) is inadequate.

PALLIATIVE RADIOTHERAPY
Radiation dose
A Cochrane review52 identified 12 trials in which two different

palliative radiation doses were compared. No evidence of a

radiation dose response for palliation was apparent, support-

ing current UK practice of delivering this treatment in one or

two fractions, but there was evidence for a modest survival

advantage in fitter patients with higher radiation doses.

However, three trials do suggest that such a benefit exists.

Two of these were not available for the Cochrane review. An

MRC trial reported a 7 week increase in median survival with

39 Gy in 13 fractions over 2.5 weeks compared with 17 Gy in

two fractions over 1 week in patients otherwise deemed suit-

able for radical radiotherapy but whose tumours were consid-

ered too big, comparable to the benefit seen with combination

chemotherapy.53 Indeed, the only direct comparison of high

Table 3 Trials of low dose concurrent chemoradiotherapy in NSCLC

Reference No Sample Treatments Median survival p value

Soresi75 95 Unresectable
locally advanced

CR
R

16 months
10 months

NS

Schaake-Koning76 331 Non-metastastic
inoperable

CR
CR

26% 2 years
19% 2 years

0.01

R 13% 2 years
Trovo77 173 Inoperable CR 10 months NS

R 10 months
Jeremic43 169 CS IIIA–B ChfR 13 months 0.003

ChfR 18 months
hfR 8 months

Jeremic78 131 CS III ChfR 22 months 0.02
hfR 14 months

Clamon79 283 Inoperable stage III C-CR 13 months 0.74
C-R 13 months

Ball80 160 Unresectable or
inoperable

CR
R

17 months
14 months

0.76

ChfR 15 months
hfR 14 months

C-R=sequential chemoradiotherapy; CR=concurrent chemoradiotherapy; R=radiotherapy;
hfR=hyperfractionated radiotherapy.
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dose palliative radiotherapy (42 Gy in 15 fractions over 3

weeks) with chemotherapy (cisplatin, etoposide) reported no

survival difference but double the response rate with the

former.54 A trial in Edinburgh comparing 30 Gy in 10 fractions

with a 10 Gy single fraction found better physician reported

palliation of cough, pain, and dyspnoea with the fractionated

regime.55 A Canadian study comparing 20 Gy in five fractions

over 1 week with a 10 Gy single fraction reported a survival

advantage with the former in patients with better perform-

ance status.56

Radiation morbidity
Significant toxicity which is not ameliorated by steroids but

may be helped by anti-emetics57 has been reported with

hypofractionated palliation.58 While single fraction radio-

therapy remains the palliation of choice in patients with a

poor prognosis, anti-emetic prophylaxis should be routine and

additional studies are required to define the mechanism of

and methods to prevent the associated systemic morbidity. In

patients with stage III or bulky stage II disease which cannot

be radically irradiated, higher radiation doses are appropriate.

The relative roles of chemotherapy and radiotherapy in this

situation have not been defined.

Palliative benefit
An Italian study of hypofractionated palliation reported clini-

cal palliation in 77% of patients with improved performance

status in 73%. The median duration of palliation ranged from

28% to 57% of patient survival.59 A Dutch study using the

EORTC quality of life scales in 65 patients receiving palliative

radiotherapy reported relief of haemoptysis in 79%, of pain

and cough in 50%, dyspnoea in 40%, fatigue in 22%, and ano-

rexia in 11%.60

Endobronchial radiotherapy
Endobronchial radiation was compared with palliative exter-

nal beam radiotherapy in a randomised trial in Manchester.

Survival was better and retreatment less frequent but toxicity

greater with external beam therapy.61 The addition of

endobronchial therapy to external beam treatment increased

the re-expansion rate of collapsed lungs (57% v 35%), but

there was no difference in the palliation of dyspnoea.62 With

potentially curative radiotherapy the addition of endobron-

chial radiation had no effect on survival but improved local

control in the subgroup with squamous carcinoma.63 Endo-

bronchial therapy may have a role in patients with sympto-

matic local recurrence after external beam therapy. Hernandez

and colleagues64 treated 29 patients with re-expansion in 28%,

palliation of haemoptysis in 69%, and improved performance

status in 24%.

RADIOTHERAPY IN SCLC
Thoracic irradiation
The role of radiotherapy in SCLC has recently been well

reviewed.65 Current controversies relate to the timing of

thoracic radiotherapy, with the balance of evidence favouring

early concomitant therapy with radiation and cisplatin +

etoposide. In the UK this practice will be heavily influenced by

the recently completed London Lung Cancer Trial replicating

the earlier National Cancer Institute of Canada study, the

results of which can be expected in 2–3 years.66 US practice

currently favours twice daily radiotherapy based on one

positive67 and one negative68 study. The benefit observed in the

first study reflects the 2 week difference in treatment time

between the two regimes, equivalent to a dose differential of

over 10% given the likely effect of accelerated repopulation in

SCLC. In the second study overall treatment time was kept

constant.

Twice daily radiotherapy is not standard practice in Europe.

The question is further complicated by a recent phase I study

suggesting that, while the twice daily radiation dose was at

tolerance, the once daily dose could be escalated by over

50%.69 Moreover, the issues of dose, timing, and radiation vol-

ume are not independent. Since the radiation dose that can be

delivered will be higher if the volume treated is smaller, there

may be advantages to late rather than early synchronous

therapy if the residual rather than original tumour is regarded

as the target volume. This hypothesis has never been tested in

a randomised trial.

A Norwegian phase II trial has reported the safe addition of

paclitaxel to cisplatin, etoposide and thoracic irradiation,

although only five of 39 patients remained in remission with a

median follow up of 36 months.70

The role of adjuvant thoracic radiation in extensive disease

is controversial. Some studies of adjuvant thoracic irradiation

included these patients, but the 433 patients were excluded

from the meta-analysis of this therapy.3 A randomised trial of

adjuvant radiotherapy and chemotherapy versus further

chemotherapy alone in patients with a good response to

chemotherapy for extensive disease reported an increased

survival for the former (9% v 4% at 5 years).71

Prophylactic cranial irradiation
A meta-analysis of 987 patients in seven randomised trials of

prophylactic cranial irradiation (PCI) reported a survival

advantage of 5% at 3 years for this treatment with a halving of

the incidence of cerebral metastases, a suggestion of a dose

response which is being tested in a current international trial,

and a trend for benefit with earlier treatment .2 An earlier

analysis of published trials also favoured early PCI within 60

days of initiating chemotherapy—that is, before cycle 4 of

conventional chemotherapy regimes.72 Future trials exploring

this issue will need to pay careful attention to late

neuropsychological toxicity. This is not a problem with current

sequential chemotherapy-PCI regimes, but there are too few

data to comment on the safety of concurrent PCI and chemo-

therapy with modern regimes (which do not contain

methotrexate or alkylating agents).

REFERENCES
1 Erridge SC, Thomson CS, Davidson J, et al. Factors influencing the use

of thoracic radiotherapy in lung cancer: an analysis of the 1995 Scottish
Lung Cancer Audit. Clin Oncol 2003;14: 219–27.

2 Auperin A, Arriagada R, Pignon JP, et al. Prophylactic cranial
irradiation for patients with small-cell lung cancer in complete remission.
Prophylactic Cranial Irradiation Overview. N Engl J Med
1999;341:476–84.

3 Pignon JP, Arriagada R, Ihde DC, et al. A meta-analysis of thoracic
radiotherapy for small-cell lung cancer. N Engl J Med 1992;327:1618–
24.

Summary

• High dose thoracic radiotherapy is indicated for good per-
formance status patients with medically inoperable or surgi-
cally unresectable non-metastatic NSCLC. This should be
CHART in patients who are not fit for chemotherapy and
conventionally fractionated chemoradiotherapy in patients
fit for this treatment. Research is ongoing to define the
maximum radiation dose which can be delivered and to
determine the best way of integrating chemotherapy and
radiotherapy.

• In patients for whom radical treatment is inappropriate,
palliative radiotherapy will relieve symptoms. In unfit
patients or those with stage IV disease, hypofractionated
regimes with anti-emetic cover are indicated. In patients
with stage I–III disease higher doses of radiation prolong
survival.

• In patients with SCLC, adjuvant thoracic and cranial
irradiation both prolong survival. The optimum dose and
timing of these treatments is the subject of ongoing
research.

450 Price

www.thoraxjnl.com

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://thorax.bm

j.com
/

T
horax: first published as 10.1136/thorax.58.5.447 on 1 M

ay 2003. D
ow

nloaded from
 

http://thorax.bmj.com/


4 Rowell NP, Williams CJ. Radical radiotherapy for stage I/II non-small
cell lung cancer in patients not sufficiently fit or declining surgery
(medically inoperable) (Cochrane Review). Cochrane Database
Systematic Reviews 2001;2: CD002935.

5 Saunders M, Dische S, Barrett A, et al. Continuous hyperfractionated
accelerated radiotherapy (CHART) versus conventional radiotherapy in
non-small cell lung cancer: a randomised multicentre trial. Lancet
1997;350:161–5.

6 Perez CA, Pajak TF, Rubin P, et al. Long-term observations of the patterns
of failure in patients with unresectable non-oat cell carcinoma of the lung
treated with definitive radiotherapy. Report by the Radiation Therapy
Oncology Group. Cancer 1987;59:1874–81.

7 Hayman JA, Martel MK, Ten Haken RK, et al. Dose escalation in
non-small cell lung cancer using three-dimensional conformal radiation
therapy: update of a phase I trial. J Clin Oncol 2001;19:127–36.

8 Maguire PD, Marks LB, Sibley GS, et al. 73.6 Gy and beyond:
hyperfractionated, accelerated radiotherapy for non-small cell lung
cancer. J Clin Oncol 2001;19:705–11.

9 Rosenzweig KE, Mychalczak B, Fuks Z, et al. Final report of the
70.2-Gy and 75.6-Gy dose levels of a phase I dose escalation study
using three-dimensional conformal radiotherapy in the treatment of
inoperable non-small cell lung cancer. Cancer J 2000;6:82–7.

10 Belderbos JS, de Jaeger K, Heemsbergen WD, et al. Interim analysis of
a phase I/II dose escalation trial in non-small cell lung cancer (NSCLC)
using three-dimensional conformal radiotherapy (3D-CRT). Int J Radiat
Oncol Biol Phys 2001;51(Suppl 1):345.

11 Graham MV, Winter K, Purdy JA, et al. Preliminary results of a
Radiation Therapy Oncology Group trial (RTOG 9311), a dose
escalation study using 3D conformal radiation therapy in patients with
inoperable non-small cell lung cancer. Int J Radiat Oncol Biol Phys
2001;51(Suppl 1):19.

12 Krol AD, Aussems P, Noordijk EM, et al. Local irradiation alone for
peripheral stage I lung cancer: could we omit the elective regional nodal
irradiation? Int J Radiat Oncol Biol Phys 1996;34:297–302.

13 Mehta M, Scrimger R, Mackie R, et al. A new approach to dose
escalation in non-small-cell lung cancer. Int J Radiat Oncol Biol Phys
2001;49:23–33.

14 Samson MJ, van Sornsen de Koste JR, De Boer HC, et al. An analysis of
anatomic landmark mobility and setup deviations in radiotherapy for lung
cancer. Int J Radiat Oncol Biol Phys 1999;43:827–32.

15 De Boer HC, van Sornsen de Koste JR, Senan S, et al. Analysis and
reduction of 3D systematic and random setup errors during the simulation
and treatment of lung cancer patients with CT-based external beam
radiotherapy dose planning. Int J Radiat Oncol Biol Phys
2001;49:857–68.

16 Stevens CW, Munden RF, Starkschall G, et al. Lung tumor motion with
respiration does not correlate with location, pulmonary function or chest
wall motion. Int J Radiat Oncol Biol Phys 1999;45(Suppl):384.

17 van Sornsen de Koste JR, Lagerwaard FJ, Schuchhard S, et al.
Dosimetric consequences of tumor mobility in radiotherapy of stage I
non-small cell lung cancer - an analysis of data generated using ‘slow’ CT
scans. Radiother Oncol 2001;61:93–9.

18 Barnes EA, Murray BR, Robinson DM, et al. Dosimetric evaluation of
lung tumor immobilization using breath hold at deep inspiration. Int J
Radiat Oncol Biol Phys 2001;50:1091–8.

19 Rosenzweig KE, Hanley J, Mah D, et al. The deep inspiration
breath-hold technique in the treatment of inoperable non-small cell lung
cancer. Int J Radiat Oncol Biol Phys 2000;48:81–7.

20 Shirato H, Shimuzu S, Kunieda T, et al. Physical aspects of a real-time
tumor tracking system for gated radiotherapy. Int J Radiat Oncol Biol
Phys 2000;48:1187–95.

21 Kubo HD, Len PM, Minohara S, et al. Breathing-synchronized
radiotherapy program at the University of California Davis Cancer
Center. Med Phys 2000;27:346–53.

22 MacManus MP, Wong K, Hicks RJ, et al. Early mortality after radical
radiotherapy for non-small-cell lung cancer: comparison of PET-staged
and conventionally staged cohorts treated at a large tertiary referral
center. Int J Radiat Oncol Biol Phys 2002;52:351–61.

23 Erdi YE, Rosenzweig KE, Erdi AK, et al. Radiotherapy treatment planning
for patients with non-small cell lung cancer using positron emission
tomography (PET). Radiother Oncol 2002;62:51–60.

24 Robnett TJ, Machtay M, Vines EF, et al. Factors predicting severe
radiation pneumonitis in patients receiving definitive chemoradiation for
lung cancer. Int J Radiat Oncol Biol Phys 2000;48:89–94.

25 Ohe Y, Yamamoto S, Suzuki K, et al. Risk factors of treatment-related
death in chemotherapy and thoracic radiotherapy for lung cancer. Eur J
Cancer 2001;37:54–63.

26 Kwa SL, Lebesque JV, Theuws JC, et al. Radiation pneumonitis as a
function of mean lung dose: an analysis of pooled data of 540 patients.
Int J Radiat Oncol Biol Phys 1998: 42:1–9.

27 Graham MV, Purdy JA, Emami B, et al. Clinical dose-volume histogram
analysis for pneumonitis after 3D treatment for non-small cell lung cancer
(NSCLC). Int J Radiat Oncol Biol Phys 1999;45:323–9.

28 Choi NC, Kanarek DJ. Toxicity of thoracic radiotherapy on pulmonary
function in lung cancer. Lung Cancer 1994;10(Suppl 1):S219–30.

29 Abratt RP, Willcox PA. Changes in lung function and perfusion after
irradiation in patients with lung cancer. Lung Cancer 1994;11:61–9.

30 Einstein DB, Rubin P, Okunieff P, et al. Recovery of pulmonary function
in patients receiving thoracic radiotherapy for thoracic malignancies. Int J
Radiat Oncol Biol Phys 2000;48(Suppl):131.

31 Werner-Wasik M, Pequignot E, Leeper D, et al. Predictors of severe
esophagitis include use of concurrent chemotherapy, but not the length of

irradiated esophagus: a multivariate analysis of patients with lung cancer
treated with nonoperative therapy. Int J Radiat Oncol Biol Phys
2000;48:689–96.

32 Byhardt R, Scott C, Sause W, et al. Response, toxicity, failure patterns,
and survival in five Radiation Therapy Oncology Group (RTOG) trials of
sequential and/or concurrent chemotherapy and radiotherapy for locally
advanced non-small-cell carcinoma of the lung. Int J Radiat Oncol Biol
Phys 1998;42:469–78.

33 Hirota S, Tsujino K, Endo M, et al. Dosimetric predictors of radiation
esophagitis in patients treated for non-small cell lung cancer with
carboplatin/paclitaxel/radiotherapy. Int J Radiat Oncol Biol Phys
2001;51:291–5.

34 Maguire PD, Sibley GS, Zhou SM, et al. Clinical and dosimetric
predictors of radiation-induced esophageal toxicity. Int J Radiat Oncol
Biol Phys 1999;45:97–103.

35 Non-small Cell Lung Cancer Collaborative Group. Chemotherapy in
non-small cell lung cancer: a meta-analysis using updated data on
individual patients from 52 randomised clinical trials. BMJ
1995;311:899–909.

36 Cullen MH, Billingham LJ, Woodroffe CM, et al. Mitomycin, ifosfamide,
and cisplatin in unresectable non-small-cell lung cancer: effects on
survival and quality of life. J Clin Oncol 1999;17:3188–94.

37 Sause W, Kolesar P, Taylor IV S, et al. Final results of phase III trial in
regionally advanced unresectable non-small cell lung cancer. Chest
2000;117:358–64.

38 Furuse K, Fukuoka M, Kawahara M, et al. Phase III study of concurrent
versus sequential thoracic radiotherapy in combination with mitomycin,
vindesine, and cisplatin in unresectable stage III non-small-cell lung
cancer. J Clin Oncol 1999;17:2692–9.

39 Curran WJ, Scott C, Langer C, et al. Phase III comparison of sequential
vs concurrent chemoradiation for pts with unresected stage III non-small
cell lung cancer (NSCLC): report of Radiation Therapy Oncology Group
(RTOG) 9410. Lung Cancer 2000;29(Suppl 1):93.

40 Saunders M, Rojas A, Lyn BE, et al. Experience with dose escalation
using CHARTWEL (continuous hyperfractionated accelerated
radiotherapy weekend less) in non-small cell lung cancer. Br J Cancer
1998;78:1323–8.

41 Stuschke M, Thames HD. Hyperfractionated radiotherapy of human
tumors: overview of the randomized clinical trials. Int J Radiat Oncol Biol
Phys 1997;37:259–67.

42 Gregor A. Gemcitabine plus radiotherapy for non-small lung cancer.
Semin Oncol 1997;24(Suppl 8):S39–41

43 Jeremic B, Shibamoto Y, Acimovic L, et al. Randomized trial of
hyperfractionated radiation therapy with or without concurrent
chemotherapy for stage III non-small cell lung cancer. J Clin Oncol
1995;13:452–8.

44 Brown JM. Therapeutic targets in radiotherapy. Int J Radiat Oncol Biol
Phys 2001;49:319–26.

45 Schaafsma J, Coy P. The effect of radiotherapy on the survival of
non-small cell lung cancer patients. Int J Radiat Oncol Biol Phys
1998;41:291–8.

46 Langendijk JA, Aaronson NK, de Jong JM, et al. Prospective study on
quality of life before and after radical radiotherapy in non-small-cell lung
cancer. J Clin Oncol 2001;19:2123–33.

47 PORT Meta-analysis Trialists Group. Postoperative radiotherapy for
non-small cell lung cancer. Cochrane Database Systematic Reviews
2000;CD002142.

48 Machtay M, Lee JH, Shrager JB, et al. Risk of death from intercurrent
disease is not excessively increased by modern postoperative
radiotherapy for high-risk resected non-small-cell lung carcinoma. J Clin
Oncol 2001;19:3912–7.

49 Lung Cancer Study Group. Effects of postoperative mediastinal
radiation on completely resected stage II and III epidermoid cancer of the
lung. N Engl J Med 1986;315:1377–81.

50 Mayer R, Smolle-Juettner FM, Szolar D, et al. Postoerative radiotherapy
in radically resected non-small cell lung cancer. Chest 1997;112:954–9.

51 Depierre A, Milleron B, Moro-Sibilot D, et al. Preoperative
chemotherapy followed by surgery compared with primary surgery in
resectable stage I (except T1N0), II, and IIIa non–small-cell lung cancer. J
Clin Oncol 2002;20:247–53.

52 Macbeth FR, Toy E, Coles B, et al. Palliative radiotherapy regimens for
non-small cell lung cancer (Cochrane review). Cochrane Database
Systematic Reviews 2002;2:CD002143.

53 Medical Research Council Lung Cancer Working Party. Randomized
trial of palliative two-fraction versus more intensive 13-fraction
radiotherapy for patients with inoperable non-small cell lung cancer and
good performance status. Clin Oncol 1996;8:167–75.

54 Kaasa S, Thorud E, Host H, et al. A randomised study evaluating
radiotherapy versus chemotherapy in patients with inoperable non-small
cell lung cancer. Radiother Oncol 1988;11:7–13.

55 Gaze MN, Kelly CG, Kerr GR, et al. Fractionated thoracic radiotherapy
gives better symptom relief in patients with non-small cell lung cancer. Eur
J Cancer 2001;37(Suppl 6):S29.

56 Bezjak A, Dixon P, Brundage M, et al. Randomized study of single
versus fractionated radiotherapy (RT) in hte palliation of non-small cell
lung cancer; NCIC CTG SC.15. Int J Radiat Oncol Biol Phys
2001;51(Suppl 1):20.

57 Old SE, Gilligan D. Do prophylactic steroids and anti-emetics reduce the
incidence of adverse symptoms after hypofractionated palliative chest
radiotherapy for non-small cell lung cancer? Lung Cancer 2000;29(Suppl
1):169.

58 Devereux S, Hatton MQF, Macbeth FR. Immediate side effects of large
fraction radiotherapy. Clin Oncol 1997;9:96–9.

State of the art radiotherapy for lung cancer 451

www.thoraxjnl.com

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://thorax.bm

j.com
/

T
horax: first published as 10.1136/thorax.58.5.447 on 1 M

ay 2003. D
ow

nloaded from
 

http://thorax.bmj.com/


59 Lupattelli M, Maranzano E, Bellavita R, et al. Short-course palliative
radiotherapy in non-small-cell lung cancer: results of a prospective study.
Am J Clin Oncol 2000;23:89–93.

60 Langendijk JA, ten Velde GP, Aaronson NK, et al. Quality of life after
palliative radiotherapy in non-small cell lung cancer: a prospective study.
Int J Radiat Oncol Biol Phys 2000;47;149–55.

61 Stout R, Barber P, Burt PA, et al. Clinical and quality of life outcomes in
the first United Kingdom randomized trial of endobronchial
brachytherapy (intraluminal radiotherapy) vs external beam radiotherapy
in the palliative treatment of inoperable non-small cell lung cancer.
Radiother Oncol 2000;56:323–7.

62 Langendijk H, de Jong JM, Tjwa M, et al. External irradiation versus
external irradiation plus endobronchial brachytherapy in inoperable
non-small cell lung cancer: a prospective randomized trial. Radiother
Oncol 2001;58:257–68.

63 Huber RM, Fischer R, Hautmann H, et al. Does additional brachytherapy
improve the effect of external irradiation? A prospective, randomized
study in central lung tumors. Int J Radiat Oncol Biol Phys
1997;38:533–40.

64 Hernandez P, Gyrsahaney A, Roman T, et al. High dose rate
brachytherapy for the local control of endobronchial carcinoma following
external irradiation. Thorax 1996;51:354–8.

65 de Ruysscher D, Vansteenkiste J. Chest radiotherapy in limited-stage
small cell lung cancer: facts, questions, prospects. Radiother Oncol
2000;55:1–9.

66 Murray N, Coy P, Pater J, et al. Importance of timing for thoracic
irradiation in the combined modality treatment of limited-stage small-cell
lung cancer. The National Cancer Institute of Canada Clinical Trials
Group. J Clin Oncol 1993;11:336–44.

67 Turrisi AT, Kim K, Blum R, et al. Twice-daily compared with once-daily
thoracic radiotherapy in limited small-cell lung cancer treated
concurrently with cisplatin and etoposide. N Engl J Med
1999;340:265–71.

68 Sloan JA, Bonner JA, Hillman SL, et al. A quality-adjusted reanalysis of a
phase III trial comparing once-daily thoracic radiation vs twice-daily
thoracic radiation in patients with limited-stage small-cell lung cancer. Int
J Radiat Oncol Biol Phys 2002;52:371–81.

69 Choi NC, Herndon JE, Rosenman J, et al. Phase I study to determine the
maximum-tolerated dose of radiation in standard daily and
hyperfractionated-accelerated twice-daily radiation schedules with
concurrent chemotherapy for limited-stage small-cell lung cancer. J Clin
Oncol 1998;16:3528–36.

70 Bremnes RM, Sundstrom S, Vilsvik J, et al. Multicenter phase II trial of
paclitaxel, cisplatin and etoposide with concurrent radiation for
limited-stage small-cell lung cancer. J Clin Oncol 2001;19:3532–8.

71 Jeremic B, Shibamoto Y, Nikolic N, et al. Role of radiation therapy in
the combined-modality treatment of patients with extensive disease
small-cell lung cancer: a randomized study. J Clin Oncol
1999;17:2092–9.

72 Suwinski R, Lee SP, Withers HR. Dose-response relationship for
prophylactic cranial irradiation in small cell lung cancer. Int J Radiat
Oncol Biol Phys 1998;40:797–806.

73 Blanke C, Ansari R, Mantravadi R, et al. Phase III trial of thoracic
irradiation with or without cisplatin for locally advanced unresectable
non-small cell lung cancer: a Hoosier Oncology Group protocol. J Clin
Oncol 1995;13:1425–9.

74 Mornex F, Robinet G, Thomas P, et al. Sequential versus concurrent
chemo-radiation (RT-CT) in locally advanced non small cell lung cancer
(NSCLC): a French randomized phase III trial of GLOT-GFPC (NPC
95–01 study). Eur J Cancer 2001;37(Suppl 6):S28.

75 Soresi E, Clerici M, Grilli R, et al. A randomized clinical trial comparing
radiation therapy v radiation therapy plus cis-diachlorodiammine
platinum (II) in the treatment of locally advanced non-small cell lung
cancer. Semin Oncol 1988;15 Suppl 7:20–5.

76 Schaake-Koning C, van den Bogaert W, Dalesio O, et al. Effects of
concomitant cisplatin and radiotherapy on inoperable non-small cell lung
cancer. N Engl J Med 1990;326:524–30.

77 Trovo MG, Minatel E, Franchin G, et al. Radiotherapy versus
radiotherapy enhanced by cisplatin in stage III non-small cell lung cancer.
Int J Radiat Oncol Biol Phys 1992;24:11–15.

78 Jeremic B, Shibamoto Y, Acimovic L, et al. Hyperfractionated radiation
therapy with or without concurrent low-dose daily carboplatin/etoposide
for stage III non-small cell lung cancer: a randomized study. J Clin Oncol
1996;14:1065–70.

79 Clamon G, Herndon JE, Cooper R, et al. Radiosenitization with
carboplatin for patients with unresectable stage III non-small-cell lung
cancer: a phase III trial of the Cancer and Leukaemia Group B and the
Eastern Cooperative Oncology Group. J Clin Oncol 1999;17:4–11.

80 Ball D, Bishop J, Smith J, et al. A randomised phase III study of
accelerated or standard fraction radiotherapy with or without concurrent
carboplatin in inoerable non-small cell lung cancer: final report of an
Australian multi-centre trial. Radiother Oncol 1999;52:129–36.

LUNG ALERT .....................................................................................................
Long term functional limitations in survivors of ARDS
m Herridge MS, Cheung AM, Tansey CM, et al. One-year outcomes in survivors of the acute respiratory distress
syndrome. N Engl J Med 2003;348:683–93

One hundred and nine survivors of ARDS (mean age 45 years) were assessed at 3, 6 and

12 months after discharge from ICUs in Toronto. Patients had a mild restrictive pat-

tern on lung function testing with mild to moderate reduction in carbon monoxide

transfer factor at 3 months and, although this improved slightly (by 9%), it only reached 72%

of predicted values.

Of the other end points assessed, the distance walked in 6 minutes improved over the 12

months but still remained lower than predicted (66%). The persistent functional limitation

was largely a result of muscle wasting and weakness and, to a lesser extent, to entrapment

neuropathy, heterotopic ossification, and intrinsic pulmonary morbidity. These sequelae were

not compared with a control group of ICU survivors who did not have ARDS, so the

consequences may not be specific to the syndrome but upshots of any severe critical illness.

The absence of systemic corticosteroid treatment, the absence of illness acquired during the

ICU stay, and rapid resolution of the lung injury and multiorgan failure were associated with

a better outcome at 1 year.

Survivors of ARDS thus have persistent functional disability and reduced carbon monoxide

transfer factor at 1 year after discharge from ICUs. However, these features may not be spe-

cific to ARDS.
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