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r.age 3M+, line 16
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0,3 cm; should read

0,025 cm5

0,3 cm should read

0,025 cm3

larger should read

smaller

0,3 cm should read

0,025 cm3



1. INTRODUCTION.

Thomas Hodgkin of Guy's Hospital Medical School in London in his

famous paper of 1832 "On some morbid appearances of the absor-

bent glands and spleen" was the first to describe the disease

which now carries his name. The clinical case histories and

gross post-mortem findings on seven cases, who all had enlarged

lymph nodes in the neck, the axillae, the groins and along the

aorta were analyzed. He particularly pointed out that the

disease was a primary lymph node malignancy and not an inflamma-

tory reaction. Thomas Hodgkin also stated that he could not

suggest any cures. Retrospective study of post-mortem material

(Craft, 1940) also indicated that of patients with untreated

Hodgkin's disease only 5* will survive for five years, but none

for ten years.

Only a few years after the discovery of X-rays, Pusey (1902)

reported what was probably the first attempt to treat Hodgkin's

disease and other lymphomas with the new radiation. It was not

until about 30 years later, however, thit case reports of cures

of the disease appeared (Gilbert et al., 1931). Surprisingly

enough, as late as in 1953 it was stated that Hodgkin's disease

"is invariably fatal" (Boyd, 1953). Considerable interest in

the biodynamics of the disease was aroused around 1965, and retro-

spective and prospective studies were undertaken in many centres

around the world to classify the disease and to study its patterns

of spread (for references, see Paper Il>. It became apparent

that it is most rewarding to consider Hodgkin's disease as being

unicentric in its origin and to be a disease which then spreads

along different pathways, e.q., like a carcinoma. This implies,

firstly, that the spread is usually via the lymphatics to neigh-

boring lymph nodes and, secondly, that the methods available to

diagnose the local spread of the disease are inadeauate. It thus

seemed to be rational to trert not only the lymph node regions

obviously involved, but also the adjacent ones. Radiotherapy

was one method of such treatment, "radical" surgery having

been used only for a short period.
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During the sixties hiqh voltaqe radiation units, especially

cobalt 60 equipment, became widely accessible. The improved

depth-dose, the skin-sparing effect and the more reliable dosi-

metry possible facilitated the delivery of sufficiently larcie

absorbed doses to diseased tissues with a minimum of undesirable

radiation effects in unaffected normal tissues. Radiotherapy

of these large volumes (demonstrated lymphadenopathy and adjacent

lymph node regions) was called extended-field treatment.

From a study of the literature concerning the v a n - ^ i o ^ of

local recurrence rate wit'i absorbed dose, Kaplan (iVhfc! s-; :

that a total dose of. approximately 40 Gy aivon .it .1 rntp '

per week appears to give 93* probability of local control -'

disease. Similar dose levels and f ract iona t ions hav? beer,

ported from other studies (for references, see Paper I Is .

absorbed dose of 40 Gy is above the tolerance limit for sor

healthy tissues, e.g., for the eyes, the aonads, t:>> kidney

the lungs and the skin. For the spinal cord, the tolerance

threshold is about 40 Gy in four weeks, but or. ly if not t-—

a dose per fraction is used (for references, see ?.iper [V i .

t-he

The role of chemotherapy was considered to b^ onlv palliative

until the introduction of combination chemotherapy (Moxley ot

al., 1967; DeVita et al., 1971). To-day, several hiahly effect-

ive chemotherapeutic regimes are available for treat inq Hodakin's

disease, and the results of some such combinations were reported

from the Department of Radiotherapy ,it the University of Lund

(Andersson et al., 1974). Tt seems to-day likely that at least

40'i of the patients with advanced Hodgkin's disease will survive

for five years or more after combination chemotherapy. Thns»

chemotherapy regimes are, however, highly toxic anci their late

effects are not yet fully understood. During recent, years, it

has become apparent that the combination of combination chemo-

therapy and extended-field radiotherapy has been followed in a

substantial number of cases by the development of acute leukaemia

with a very rapid and fatal course. A report on such cases at

Lund and a review of the literature was presented by ('avallin-

Ståhl et al. (1977).
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Chemotherapy as a mode of treatment will not be dealt with in

this report, since there to-day appears to be little need for

adding combination chemotherapy to carefully executed extended-

field radiotherapy in localized Hodqki.n's disease (Duchamp et

al., 1977; Timothy et al., 1978; Rosenberg et al., 1978; Hellman

et al., 1978).

The selection of patients for extended-field treatment was based

on staging procedures which usually included clinical examination

of the superficial lymph nodes, chest X-ray and examination of

the retroperitoneal lymph nodes with bipedal lymphoqraphy, exami-

nation of the liver and spleen by means of radionuclide and cyto-

logic methods, and examination of the bone marrow and of the

lymphoid tissues in Waldeyer's ring. In addition, a staging
1 aparotomy with spJenectomy and biopsies of the liver and. ab-

dominal lymph nodes was often included. The patients studied in

the present work were subjected to staging laparotomy only after

1971.

The patients were allotted to one of the stages I, II, III or

IV, and for each stage to subgroups A or B, depending on the ab-

sence or presence of systemic symptoms (i.e., fever, weight loss,

night sweats) (Ann Arbor Classification, Carbone, 1971).

If the disease was localized only to lymph nodes cranially to

the diaphragm, all major lymph nodes in the thorax, the axillae

and the neck to the tip of the mastoid were included in the tar-

get volume of the extended-field treatment. Since the lungs

can best be shielded when anterior and posterior beam directions

are used, a technique with two large opposed beams shaped with

lead blocks to suit the irregular target volume was often em-

ployed. This technique for treatment of local Hodgkin's disease

was called the mantle treatment.

The change from "involved-field" treatment (i.e., the target

volume only included lymph node regions obviously involved) to

extended-field treatment involved a major change in radiotherapy.

Fxperience of such wide treatment volumes was meagre, and it

-3-



became more important than ever to minimize the absorbed dose

to the healthy tissues and to deliver an absorbed dose at the

target with only small variation in its maximum and minimum

values. Great demands were thus placed on the execution of the

highly complex mantle treatment so as not to expose patients to

subsequent discomfort due to unwanted local recurrences or side-

effects.

Since the depth of the target volume in supradiaphragmatic di-

sease varies from 3 mm to more than 15 cm, cobalt 60 gamma rays

were the obvious choice rather than the X-ray qualities available

in our clinic in 1967 (8 MV and 33 MV, which have unsuicable

build-up regions).

In the literature, the description of the dosimetry for cobalt 60

mantle treatment was scanty before 1968. Meurk st al. (1968) in

their dosimetric calculations used an approximate method of con-

sidering the large irregular beam as composed of several inde-

pendent rectangular beams. Fuller et al. (1967) mentioned that

the absorbed doses were calculated according to Clarkson's method

(1941) (Paper I), which means that the absorbed dose at J point

is the sum of the contribution from primary and scattered radi-

ation .

Clarkson's method is rather laborious to perform manually, but

is well suited for computer calculations. Since no computer was

available in the clinical routine in the 1960's, the method was

only used to check the measured depth doses for some points.
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2. AIM OF THE PRESENT INVESTIGATION.

The studies were performed to develop a reliable method for the

execution of the individual radiation treatment of the patients

needing mantle treatment. In developina the general method, the

following parameters were taken into consideration:

- definition of the proper target volume.

- definition of the orqans at risk.

- definition of the optimal absorbed dose at the target and "-.he

time-dose pattern with due regard to the organs at risk.

- choice of an optimal treatment technique.

- development of a reliable method for fixing the patients in

treatment position.

- evaluation of the fundamental dosimetric parameters for the

mantle beair. in large homogenous phantoms.

- studies and modifications of the technique and dosimetry in

an anatomical phantom.

The treatment method must be modified so as to suit each indivi-

dual patient. It was therefore essential to make:

- the necessary modifications of thp tarqet volume with reqard

to the anatomy and to any large volume disease present.

- to draw up dose-plans and to construct individual contour comp-

ensating filters.

- to control the reproducibility of the treatment set-up by the

frequent use of verification films and in vivo measurements

of absorbed dose in the external auditory canal and at the eyes.

- to check and, if necessary, correct the planned dose distri-

bution with reqard to in vivo measured absorbed doses in the

hypopharynx-oesophaqus.

- to control the patient's weight each week.

It was particularly desirable:

- to make the determination of the dose distribution in the

individual patient easily manageable in the clinical routine

-5-



through construction of diagrams, which together with dose-

planning in one reference plan, reproduces the dose distri-

bution in the entire target volume.

- to evaluate the dosimetric accuracy of the treatment method

in different parts of the mantle bear through comparison of

in vivo measured and calculated absorbed doses in a large

group of patients.

- to evaluate the results and side-effects as compared with

groups of mantle-treated patients from other centres.

In the nine papers referred to in this summary, the parameters

listed above were discussed and evaluated both in preliminary

reports where the method was used in the treatment of a small

number of patients, and in final reports where the method was

thoroughly evaluated for a larger number of patients.

-6-



3. MEDICAL PLANNING.

3.1. Target volume.

The target volume in the mantle treatment of Hodgkin'r disease

is often reported to include "the major supradiaphragmatic lymph

nodes". Since lymph nodes of varying size are found practically

everywhere in the body, it is essential to give a more accurate

description of the target volume. Such descriptions were given

in Papers II, V, VII and VIII.

3.2. Organs at risk.

Organs at risk are (ICRU Report 29, 1978) "specially radiosensi-

tive organs in or near the target volume, whose presence influen-

ces treatment planninq and/or prescribed dose". In the extended-

field treatment of supradiaphragmatic Hodgkin's disease, the

lungs, the skin, the spinal cord, the heart and pericardium and

the eyes may be considered to be the major organs at risk.

Analysis of radiation effects in these tissues on the basis of

information taken from the literature and from observations in

the present series of measurements were presented in Papers III,

IV and VIII.

3.3. Absorbed dose at the target and fractionation.

It should be realized that it has not been conclusively proved

that Hodgkin's disease is a malignant tumour. Its clinical be-

haviour agrees, however, with that of a malignant tumour, and in

the literature as well as in the present work, this assumption

has been adopted.

As with tumours of established malignant character, e.g. carci-

nomas, there seems to be a relation between the size of the tar-

get absorbed dose and the frequency of local cure. This was

demonstrated in a classical paper by Kaplan (I960), indicating

-7-



that with increasing absorbed dose up to 40 Gy given with 10 Cy

weekly, the frequency of local failure decreased to c>'i .

Surprisingly little can, however, be extracted from the available

literature on mantle treatment to substantiate this view. The

reason seems to be that the basic complexity of mantle treatment

makes it difficult to differentiate between underdosoge due to

beam penumbra inside parts of the target volume and a systematic

underdosage. Mill, et al. (1977) have made a dosimetric analysis

of seven thoracic failures. The study indicated that the quotient

between the actual absorbed dose and that prescribed (40 (iyj w.is

on the average 0.91 (0.98 - 0.84). Thus an undcrchsaw of 10-

may be harmful, a figure which agrees with the recommendation

laid down by the ICRU (Report 24, 1976).

Levi et al. (1977) found that the recurrence rate was larger for

patients with large lymphadenopathy than for those wilt. i>nly snail

ones. One interpretation may be that, in line with uervral radio-

biological rules, a larger tumour needs a larger abs'tb'vl dose

for eradication. Another possible interpretation may be tha'

the treatment of larger tumours is more prone to marginal under-

dosage than it is in the case of smaller ones.

Kaplan (1966) stated that the total treatment time is not very

critical. This would imply that cell-rcpopulat ion is not a map r

problem in Hodgkin's disease. Reduction of the daily dose and

split-course treatment should then be advantageous with respect

to organs at risk.

The absorbed dose and fractionation used in the present series

were described in Papers II, III, IV and VIII.

Most patients in the present series were treated using a split-

course schedule with 2/3 of the total absorbed dose being given

in 18 fractions 5 days a week and the remaining 1/3 of the absorb-

ed dose with 9 fractions at an interval of 4 - 5 weeks between

the two series.
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4. PHYSICAL PLANNING.

4.1. Technique.

4.1.1. Beam shaping.

In the present method, a techniaue with two opposed beams of

equal weight was used. To treat the whole target area, a beam

size of more than 40 cm x 40 cm is needed for tali patients.

For this reason a SSD of 130 cm was chosen. At this large 3SD,

the beam formed by the primary collimator of the cobalt 60

machine has a penumbra of several centimetres. To minimize the

penumbras both at the borders of the beam and at the shielded

parts of the patient, the shielding lead blocks were placed on

a table near the patient (Paper I). The thickness of the blocks

was 5 cm. These blocks are rather large and heavy, and a station-

ary assembly for each patient would be too clumsy. Movable

blocks were thus used and, for safety reasons, cuboids with verti-

cal edges were chosen instead of beani-divergence-shaped blocks.

The blocks were placed on a perspex table 107 cm from the source.

This is a compromise between the smallest possible penumbra and

an acceptable electron contamination of the beam from the table.

Wrede et al. (1975) made a thorough study of the influence on the

penumbra width of the positions of both cuboid and beam-diverg-

ence-shaped blocks. They found that, using 5 cm thick blocks

placed as near to the patient as possible, there was no diffe-

rence in penumbra width in the medial parts of the blocked areas

for cubic and divergence blocks. In the distal borders, the

divergence blocks were somewhat better due to the minimized trans-

mission penumbra. Thus the use of cuboid blocks does not produce

any serious drawbacks.

The perspex plate in the beam stops all electrons generated in

the source shield, the primary collimator, in the air between

source and plate, and in the secondary collimator. At the same

time, new electrons are generated in it. For small beams, the

perspex will remove more electrons than it generates, but for

large beam sizes tho effect on the patient can be the oppo-
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site, depending on the distance between the perspex pla'e and

the pat.ent (Saylor st al., 1971). Jetne (1972) measured the

variation of the skin sparing effect as a function of the dis-

tance between the perspex plate and the patient for different

sizes of beam. According to his measurements, the surface dose

in a technique like the one used here is 60% - 70? of the peak

absorbed dose. The surface dose could be further reduced if a

one nun thick filter of medium Z material or lead qlass was added

to the perspex plate (Khan, 1971; Saylor et al . , 1971).

4.1.2. Filters.

The irregular shape of the mantle beam together with the- larger

anterioi-posterior distances in the cranial and caudal parts of

the beam compared with the central parts will give a very uneven

dose distribution. This is true fur all patients and hence two

general beam-flattening filters were constructed, covering the

central parts of the beam (Paper I). The filters only altered

the dose distribution in the cranial-caudal direction, but not

laterally. After using the filters for some time, it was fount'.

that one filter could be used for all of the- adult patients.

The beam-flittening filter was made of perspex, since it is pre-

ferable to have a transparent filter for treatment set-up.

To compensate for the effect of individual contour variations

in the neck region, each patient had individually designed fil-

ters, compensating in the cranial-caudal direction. The.se fil-

ters were made of copper and were [/laced in a fixed position on

the general beam-flattening filter.

When designing the individual filters, the geometrical dimen-

sions perpendicular to the central axis had to be scaled down

by an amount depending on its position in relation to the pa t i-

ent and the source in the divergent radiation beam.

-10-



The factor for recalculating the missing tissue to filter thick-

ness depends on the set-up and cannot be calculated exactly

(Hall et al., 1961). Upper and lower limits of the filter fac-

tor (F) can, however, be calculated. Considering only the diffe-

rence in the attenuation of the primary beam when a copper fil-

ter is used instead of bolus on the patient's skin, F is esti-

mated to be 0.13. If due regard is also taken to the influence

of the filter on the scattered radiation, the filter factor

should be reduced. In any case, the filter factor can only be

exact for one depth of tissue in the patient. Sundbom (1964)

evaluated the following expression for the fractional error in

the absorbed dose, , at a point at a particular depth inside

the compensated volume with regard to the change in scattered

radiation due to the filter:

)= - i c < rFh-lnT(S ,
e r r o h)+lnT(S ,t where

••• = fractional error in the absorbed dose when the filter

is used.

"eff
= effective linear attenuation coefficient

for the filter.

F = filter factor,

h = missing tissue (cm).

t = depth in tissue (cm).

T = tissue/air ratio.

S = beam size at nominal SSD.
o

For the mantle treatment, h is approximately 4 cm and t is

approximately 6 cm, while ;•• -- is about 0.47 cm (i< ,^

depends on beam size and filter position). T has been measured

by Gupta et al. (1966). If the fractional error c = 0 , then

F is 0.08. In Sundbom's calculations and measurements, the fil-

ter covered a large part of the beam, but in mantle treatment

the filter only covers a relatively small part of the beam.

The filter factor should thus be somewhat larger than that

-11-



deduced from Sunabom's expression.

The estimates above show that a filter factor between 0.08 and

0.13 should be used when dasigninq the filter. For practical

reasons, F was chosen to be 0.1, which means that 1 cm of miss-

ing tissue was compensated for by 1 mm of coppe^. The filter

was a step device composed of 0.5 mm and 1.0 mm thick plates.

At the end of the treatment, the copper plates were recovered

and used again. The first treatment fraction was usually deli-

vered without the individual filter, in order to not del.iy the

start of treatment.

4.1.3. Casts for fixing patients in position.

The large source-skin distance needed in order to get enough

beam size at the mantle precluded the treatment of patients on

the ordinary couch. A special couch was thus constructed, and

the patients had to be treated in both supine and prone positions.

Verification films used frequently in the treatment of the very

first patient showed that the position varied too much from

fraction to fraction for the same beam. It was quite impossible

to turn the patient from the supine to the prone position with-

out altering the patient contour, and it was thus decided to make

casts for fixing the patients in position. The first casts used

(Paper II) were done while the patient sat on a chair with the

neck extended and the arms above the head. These casts only

reached to the waist. Later on they were replaced by large

whole-body casts made of styrofoam, taken with the patient in

the prone treatment position (Papers VII and IX). flaking the

cast is the first step in the preparation for the treatment

set-up.
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4_j_2_.__ Dosimetry in phantoms.

4.2.1. Depth-dose measurements.

For the determination of the absorbed dose at 5 cm depth in a

water phantom at the centre of the mantle beani, the exposure was

measured i»ith an ionization chamber calibrated at the Standard

Laboratory of the National Institute of Radiation Protection in

Stockholm, tnd regularly checked aaainst a caesium-137 source.

The inner diameter of the chamber was approximately 1 cm and its

length was about 2.5 cm. The dose rate at 5 cm depth was also

determined with a Fricke dosimeter.

For the depth-dose measurements in the mantle beam, an ionization

chamber of the same type as the .sub-standard was used. The ener-

gy dependence was 2% between 0.2 mm Cu and 14.7 mm Cu HVL. In

the depth-dose measurements, the uncertainties were estimated to

be a maximum of 10.3% from the energy dependence of the ioniza-

tion chamber. Johansson et ai. (1977) made determinations of the

position of the measuring point of cvlindrical ionization cham-

bers when used in depth-dose measurements of a 10 cm x 10 cm

cobalt 60 beam. If their values are used for the determination

of the effective measuring points (0.6 x radius in front of the

centre of the chambrr) in the measurements in the mantle beam,

the agreement with the depth doses calculated according to Clark-

son's method will be still better than is shown in Table 1 of

Paper I. The discrepancies between measured and calculated depth

doses are thus within the uncertainties of the present measure-

ments and of the tissue-air ratios used in Clarkson's method,

since tissue-air ratios may differ for different cobalt 60

machines and set-ups (Green, 1969; Cunningham, 1978).

During the 1960's the Fricke dosimeter showed 4 - 5 % higher
dose rates than the ionization chamber. At the beginning of
the 1970's the exposure calibration factor of the Swedish
dosimeter standard was reassessed. With the use of the new
calibration factor (which is 1.03 times the old one) the agree-
ment has been within 1.5%. This reassessment of the exposure
calibration also requires that the absorbed doses given in
Papers III and IV should bo corrected-
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Since all depth-dose measurements inside the beam were related

to the absorbed dose determined at 5 cm depth in the central

axis, most of the error in the depth doses will be compensated

for, since the depth-dose figure for 5 cm depth is taken up in

both the numerator and the denominator in the calculations.

This is therefore one of the reasons for choosing 5 cm as Llie

reference depth (ICRU, 1963).

Depth-dose measurements were performed without beam-flattening

filters in eight different parts of the mantle beam. The central

depth doses were also measured with Fricke dosimeters at three

different depths. The uncertainty in the measurements at the

depth of 14.6 cm was estimated to be ±2% in relation to the

measurement at 5 cm depth (Paper I). With the beam-flattening

filter in its proper position, the depth doses were measured

along lines in the median sagittal section of the beam. The

central depth doses coincided with those measured without filter-

for depths less than 20 cm. All depth-dose measurements were

correlated to the absorbed dose at 5 cm depth in the centre of

the beam. The absorbed doses in different parts of the beam

were also checked with measurements with small condenser cham-

bers at depths of 5.0 cm, 8.6 cm and 15.0 cm. The agreement

was within 111. The influence of different sizes and shapes of

the beam was also studied.

4.2.2. Dose distribution inside the mantle beam.

Isodose charts were constructed for the median sagittal section

both with and without beam-flattening filters. Isodose charts

were also constructed for four cross-sections at the level of the

mandible, the neck, the jugulum and the lung hi la for two diffe-

rent field sizes. Data for the construction of isodose charts

were obtained from measurements of irradiated films, from the

depth-dose measurements described above and from ionization mea-

surements by means of small condenser chambers at 5 and 15 cm

depth. The film used had a linear response of density versus

absorbed dose for beam sizes less than about 18 cm x 18 cm,

and, for that reason, only reliable in the distal parts of the

mantle beam. The condenser chambers had a diameter of 0.5 cm,

a length of 2.0 cm and an air volume of 0.025 cm . In the rela-

tive measurements at one depth, the precision was about t2l.

The measurement was repeated three t imps.
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4.2.3. Absorbed-dose measurements in an anatomical phantom.

The size and shape of the mantle beam used in the fundamental

measurements were chosen to suit the anatomical phantom described

in Paper I. It later appeared (Paper VII) that its size was very

close to the mean size used for patient treatments. Dose plann-

ing both with and without beam-f1 at tening filters were performed

in the sagittal section. No correction for tissue inhomogenei-

ties was made. Correction for oblique incidence was made with

the i sodose. shift method (Paper T). Tho absorbed dose was mea-

sured in the oesophagus with condenser chambers for a full treat-

ment. The trachea of the phantom was filled with paraffin pell-

ets to eliminate the effect of the air cavity in this study.

The agreement between the planned absorbed doses and the measure-

ments was within ±2".

To test the influence of the trachea air cavity on the measured

absorbed dose in the oesophagus, comparative measurements were

performed with and without paraffin pellets in the trachea.

With air inside the cavity, the measured absorbed dose in the

oesophagus from the anterior beam was increased by 7% of the

peak absorbed dose. This figure was used in the analysis of

•Jl v i v o measured absorbed doses (I-apors II and VII).

for the neck region, two phantoms of different size and shape

were used to see if the lack of side and back scattering material

influenced the distribution of the absorbed dose. No such effect

of any significance could be seen.

For the thorax, the measured and planned absorbed doses were ana-

lyzed separately for the anterior and the posterior beams. The

comparison was made at four different levels of the thorax.

No correction for lung tissue was made in this phantom study and

the analysis only included those parts of the target volume where

the local ray had not passed through the lungs. For the anterior

beam in Figures 7, 8 and 9 of Paper I, the differences between

the measured and planned doses were (-1.710.4)? (where io.4%



is due to the precision of the ionizati.on chambers) . for the

poscerior beam the corresponding figures were (+1.6 ± 0 . 5 ) % . For

the anterior beam in the axillae and the top of the axillae

(Figs. 9 and 10, Paper I ) , the measured absorbed dose was on the

average (-2.7 ± O.I)5* compared with the planned local dose. For: t!

posterior beam, the corresponding figure was(+0.6 ± 0.1)*. The

agreement between the planned and measured absorbed doses in the

water-equivalent parts of the anatomical phantom was thus quite

satisfactory from a clinical point of vi^w.

4.3. Dosimetry in patients.

4.3.1. Survey of the dosimetry in ten ma nt I e-t tea ted i>a 11 e_n t s .

For the ten patients initially treated with the mantle technique,

complete dose-plans were made in the sagittal section and for

four cross-sections at the submaxil lary, the laryn^ea!, the ju-iu-

lar and the lung hilar levels. I_n j/rvo dose measurements with

ionization chambers were performed durinq treatment for both the

anterior and posterior beams a) at least twice in the hypopharynx-

oesophagus and b) at the patients' skin in the axillae and the

supraclavicular fossae (Fig. 3 in Paper II).

The dose distribution at different level;; showed tiv same uene-

ral pattern for all the ton patients, which was also confirmed

by the in vivo measured doses on the patients' skin. The dose

distributions in the cross-sections were thus displayed in dia-

grams (Fig. 11, Paper I I ) , and related to the central dose at

the corresponding level, which can also be found in the sagittal

dose-plan. The diagrams showed that ther • was no need for fil-

ters in the lateral direction. Since it was impracticable to

continue dose-planning in five sections for each patient, these '

diagrams were used together with tho dose-plan in the sagittal

section to deduce the three-dimensional dose distribution.

The diagrams of Figures 7 and 8 in Paper II show the central lo;-,e

at different levels in the median sagittal section as a function

of the anterior-posterior distance. if the sagittal section is
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not completed a*- the start of treatment, these diagrams can be

used to determine an approximate target absorbed dose. The ab-

sorbed doses of the diagrams were based on dose-plans from ten

and eighteen patients, respectively, and agree to withi-i ̂ 5%

with the individual dose-plans when tested with data from twenty

later patients.

Examples from the in vivo measurements in the oesophagus were

shown in Paper II. No statistical analysis of the measured doses

was done for these few patients. It couLd, however, be noted

that the viscera sometimes moved several centimetres when the

patient changed posture from the supine to the prone position.

4.3.2. Corrections in dose-plans due to lung tissue.

Because of the presence of Inner tissue inside the beam, the ab-

sorbed doses in the hi lar regions will be larger than in the

central parts of the mediastinum at the corresponding level

(Fig. 12 in Paper T; Via. 12 in Paper II). Since these doses

were larger than the mediastinal doses and in view of the high

radiosensitivity of lung tissue, it was desirable to block the

hilar nodes at the end of the treatment session. Such a block-

ing should be made when the absorbed doses in the hilar nodes

were 40 Gy, which were the absorbed doses aimed at for the tar-

get volume. Phantom studies and in vivo measurements on six

patients were the basis for the determination of the dose distri-

bution in the hilar nodes for individual patients.

Many investigations have been performed to determine the density

of lung tissue. In ICRU 24 (1976) the value of 0.3 g/cm3 is

assumed, if no specific information is available. According to

ICRP (1975), the density can range from 0.26 g/cm to 1.0 g/cm ,

depending on the amount of air-filling. McDonald et al. (1976)

made measurements with inflated lungs and found that the densi-

ties varied rather uniformly from 0.47 g/cm at the bottom of the

lower lobe to 0.23 g/cm near the hilum with an average of 0.30

g/cm over the lower lobe.
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Since patients subjected to mantle treatment usually have normal

lungs, the sawdust of density 0.25 g/cm used in the anatomical

phantom can thus be considered as a qood luna substitute.

Measurements with condenser chambers in the anatomical phantom

were made to determine the entrance and exit doses (one centi-

metre back-scattering material) and those inside the lung at

depths of 9.5 cm, 11.3 cm, 12.3 cm and 14.3 cm from the entrance

surface. The ionization chambers were contained in plastic

catheters and did not shadow one another. The standard devia-

tion at each measuring point due to the ionization chambers was

-0.6%- Within the measuring uncertainties, the depth-dose curv

inside the lung through the measuring [joints followed a straight

line which, if extrapolated to smal lor depths, crossed th<- water

depth-dose curve approximately one centimetre inside the chest

wall. The depth-dose curve behind the lung was almost parallel

to the depth-dose curve in water. The "effective density"

(Nordberg, 1972) was 0.60 q/cm3.

Entrance and exit dose measurements performed in six patients

showed "effective densities" between 0 . S and 0.0") u/cm' (near,

0.55 g/cm ) with the depth-dose curve drawn according to the

phantom studies. If the depth-dose curve inside the lunq was

extrapolated as a straight lino to the ox i t dose value accord-

ing to the graphical method (Sundbom, 1965), the average value

became 0.60 g/cm . The value of 0.60 was used in the dose-

planning.

Diagrams were constructed to show the correction factor for the

absorbed dose in different volumes of the hi lar regions as a

function of the patient's anterior-posterior distance at the

corresponding level (Fig. 13 in Paper II; Fiq. L in this summa-

ry). These correction factors should be applied to the central

dose in the mediastinum, which is always checked with in vivo

measurements of the absorbed dose.

In two patients, the catheter with ionization chambers accident-

ally passed into the trachea, this being detected on the vori-
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Figure 1. The lines A, B and C show the variation
versus AP distance, where

D. . = absorbed dose in the hilar region corrected
1 u' for the presence of lunq tissue.

D = absorbed dose at the centre of the patient at
the correspondinq level.

AP-distance - anterior-posterior distance in the
median sagittal plane.

The thickness of the chest-wall is 2 cm. Both beams delivered
the same peak absorbed dose. The quotients according to A, B
and C represent absorbed doses in different parts of the hilar
regions. A represents the region of the maximum absorbed dose
in both the left and right hilum, and has a width of about 1 cm
in the projection shown above. B represents the lateral borders
of the target volume in both the left and the riqht hilus. It
is assumed that A and B are not located behind the heart or en-
larged lymph node masses. C corresponds to the same region as
A, but dorsal to the heart, and can also be used to calculate
an approximate absorbed dose if large hilar lymphomas are present.

In the diagram are also seen the plotted in vivo measured doses
in the bronchial tree inside two patients. The AP-distances
were 19 cm and 24 cm, respectively, o, x and V should be com-
pared with curves A, B and C, respectively. The uncertainty of
the measured doses is estimated to be i3%.
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fication films (one of the lung hilum measurements was described

in Paper VII). The measured absorbed doses in the hilar regions

are marked in Figure 1 for these two patients.

4.3.3. Absorbed dose measurements inside the patient.

The primary data used for the treatment of the patient were all

based on measurements of the absorbed dose in large homogenous

water and polystyrene phantoms. When the mantle beam was trans-

ferred to the patient, it's form and size were individualized

and correction for oblique incidence was performed. The patient

was much smaller than the cubic phantoms, which resulted in a

lack of back- and side-scatterinq material. In addition, pat-

ients are inhomogenous both in regard to density and atomic

composition. All these factors might influence the distribution

of the absorbed dose. To these dosimetric uncertainties were

added uncertainties in the technical execution of the treatment,

e.g. uncertainties in the construction of the sagittal section

and in the construction of the individual filters, as well as

changes in patient contour and movements of viscera due to the

two different treatment positions.

The influence of all these factors (and of other factors of less

significance) differ from one part of the target volume to the

other. Catheters containing 16 - 20 condenser chambers were

as standard routine passed into the hypopharynx-oesophagus twice

during the course of treatment (Papers II and VII). These ab-

sorbed dose measurements, performed in 60 patients, were com-

pared with the dose-plan in the sagittal section for five diffe-

rent levels of the mantle beam, the submaxillary region, the

neck, the jugulum, the upper mediastinum and the lower mediasti-

num. In the analysis done, the patients were separated into

three groups: thin, normal and stout patients, depending on the

anterior-posterior distances. The results were presented in

Paper VII, and are summarized there in Table 3. For normal and

stout patients the difference between the measured and the

planned absorbed doses was only significant (p 0.025) in the

-20-



lower mediastinum. The difference was -0.9* (standard error of

the mean = SEOM = 0.5). lor the thin patients, the measured

absorbed doses were significantly less than the planned absorbed

doses (p * 0.002 - p< 0.014) at all anatomical sites except the

submaxillary region. The means were between -1.7% and -3.1%

(SEOM: 0.6 - 0.8). An analysis of the histograms in Paper VII

showed that for the individual patients differences larger than

5% were found in 11, 2, 3, 1 and 3 patients from the submaxilla-

ry region downwards to the lower mediastinum, respectively.

Differences of more than 5% were found in 8 of the 60 patients

(with the submaxillary region excluded). The discrepancies in

the submaxillary region can be reduced with the use of a better

fixation of the patients' chins.

Table 1 is an attempt to illustrate the most important factors

influencing the discrepancies between in vivo measured and planned

absorbed doses at anatomical sites for individual patients. The

uncertainties in this table are considered to be similar for all

parts of the beam, which is a simplification. If the fixation

of the patients' chin is improved, the table can also be approxi-

mately valid for the submaxillary region.

The uncertainties in the table correspond to 95% confidence lim-

its. An average depth of 8 cm in the patient is assumed. The

uncertainties are related to the determination of the absorbed

dose at 5 cm depth by the sub-standard ionization chamber. The

uncertainties introduced through that measurement (see ICRU,

1969) are thus not included in Table 1.

I refers to the large homogenous water phantom (Paper I ) .

II refers to the planning and execution of the mantle treatment
(Papers I, II and VII).

III refers to the differences in attenuation and in the amount of
scattered radiation at a point in soft tissue inside the patient
in relation to the large homogenous water phantom (partly from
Cundiff et al., 1973) .
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Table 1.

Main sources of inconsistency in the absorbed dose delivered in-
side patients as compared with the calculated absorbed doses.
The calculations are based on measurements of absorbed doso at
5 cm depth in a water phantom and dose-plannino. The errors are
at the 95% confidence limits of random and systematic uncertain-
ties, attainable under well controlled clinical conditions.

Source of inconsistency Uncertainty/%
systematic random

I.I. Depth dose

2. Individualization of size and shape
of the standard beam

II.1. Anterior-posterior distance

2. Oblique incidence or filter construction

3. Movement of viscera

4. Source-skin distance

5. Lack of precise correction for Co
decay

0 ±3.3

1)

0

0

0

0

0

0

0

0

i i . o

± 1 . 4

± 1 . 8

± 2 . 0

±2 .0

± 1 . 5

± 0 - 5

± 0 . 5

III.l. Lack of precise correction for air
cavities and for lung and bone
tissues in the local ray

2. Lesser density of lunqs beneath blocks

3. Lung tissue in the open beam

4. Limited scattering volume

Overall uncertainty

0

0

- 2 . 0

-1 . 0

- 2 . 0

- 2 . 0

2)

2)

± 2 . 0

± 1 . 0

±1.5

±1.0

± 2 . 9

± 4 . 7

Determined by taking the square root of the sum of the
squares of the separate random uncertainties.

An average of the systematic errors is used for the overall
uncertainty in the table since the maximum values in items
III.3. and III.4. can not be added.
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The precision in the measurements with the ionization chambers

was estimated to be ±3% (S.D.). This figure includes the uncer-

tainty introduced by calibration of the condenser chambers free

in air instead of calibration at 5 cm depth in the water phantom.

On the average six measurements were performed at each anatomical

site per patient (Table 1, Paper VII). The lead pellets in the

catheter gave a systematic error of +1.1% in every fourth ioni-

zation chamber, resulting in an average systematic error of +0.3%.

It is seen from the estimates in Table 1 that there is approxi-

mately 95% probability that the measured absorbed doses are with-

in (-1.7i5.3) ?. of the calculated doses for the measuring system

used. The corresponding figures from Table 3 in Pa>er VII found

in patient treatments were (-0.214.9)%, (-0.714.9 %, (-0.3i4.8)%

and (-1.3 i 5.8)% from the neck downwards.

If only the thin patients are considered, the corresponding fig-

ures are (-1.7 i 3.8) % , (-2.0±3.5)%, (-3 . 0 ± 3 . i ) % and (-3 .1 i 4 .7) % .

In comparison with those for all patients, these figures can be

explained from Table 1. Thin patients were often smaller than

the average ones and therefore somewhat smaller beams were used

in the treatment. The random uncertainty in the item described

in 1.2. in Table 1 (see also Paper I) will thus be less and a

systematic error of about -1% will be introduced. Due to a more

pronounced lack of back- and side-scattering material, the syste-

matic error in III.4. and III.3. will be more pronounced for this

group than for the group that includes all the patients. It is

also easier to preserve contours in changes of posture for thin

patients. As a result, the overall systematic error will be more

negative and the random uncertainties smaller for thin patients.

It is seen from the figures above that the estimated uncertain-

ties (both systematic and random) are in good agreement with

those determined from in vivo dose measurements. The estimate
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of the precision of the ionizatior. chambers is possibly somewhat

pessimistic. If a figure of t2l is used for the precision, the

overall uncertainty of the comparison between the measured and

calculated absorbed doses is reduced from 15.31 to 15.0%.

The frequency of errors due to mistakes in the execution of the

treatment was analyzed in Paper VII. It can be seen that an ex-

tra checK of the contour of the sagittal section is needed. The

rate of other errors was low.

4.3.4. Other control programmes.

Reproducible fixation of patients during treatment is one of the

most important details in mantle treatment. Patient positionina

in the cast was thus controlled at every fraction with the help

of a silhouette cardboard, as described in Paper VII.

Verification films were frequently exposed uu^inq treatment, and

if bad reproducibility was indicated, patient fixation was im-

proved. The casts for supine treatment positions are now equipp-

ed with a fixation device for the chin. The need for this was

shown by the in vivo measurements (Paper VII).

Mantle treament may be tiring for the patient, and can lead to

the loss of appetite and the loss of weight. It was thus impor-

tant to check the weight of the patients once a week.

To ensure an adequate absorbed dose to the lymph nodes in the

cranial parts of the neck, the doses in the external auditory

canal were measured frequently at the start of treatment and

later during its course at least once a week.

The absorbed dose at the eyes f om the dorsal beam was measured

at the start of the course of treatment.
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5. RESULTS AND SIDE EFFECT?.

5.1. Results.

The results of mantle treatment in 90 patients (70 patients in

stages I and II) were reported in Paper VIII and are illustrated

in Figure 5. The treatment was concluded for 87 of 90 patients.

Fifty-six were still alive without evidence of disease, 25 had

relapsed and 6 had diod without known relapse. Of the 25 pat-

ients who had relapsed, the first new sign of disease after the

initial treatment was marginal and true recurrence in 3 cases

dnd extension in 22 cases.

Of the 56 patients who remained free of symptoms after mantle

treatment, 54 had been treated with a split-course schedule.

The absorbed dose in the target for these patients ranged between

(mean values) 43.0 Gy as maximum and 37.5 as minimum absorbed

dose with a minimum in the demonstrated tumour of 40.5 Gy.

Treatment had on the average been given in 27 fractions over

7 1 days. The follow-up time for those patients ranged froni 9 to

87 months, with a mean of 38 t 20 months. Reappearance of the

disease after an iritially complete remission usually occurs

within three years (Spittle et al, 1973; Paper VI).

The literature contains only a few reports on the frequency of

recurrences in Hodgkin's disease after mantle treatment with an

adequate notation of absorbed dose. Paper VIII quoted such re-

ports. The series reported showed local recurrence rates of

12/36, 11/65, 12/83, 8/68, 1/80 and 3/83, respectively. Recently,

four other patient series have been reported, includinq the

rate of local recurrence of Hodgkin's disease after mantle treat-

ment. Carmei ec al. (1976) reported a supradiaphraqmatic recurr-

ence rate of 79/377 = 21%. Recurrences (paired sites being con-

sidered independently) were most frequent in the mediastinum

and lung hila (6.1%), axilla (4.5%) and supraclavicular fossae

and neck (3.4%). Relapses in lungs (3.3%) and other sites were

also recorded. The authors considered many of the recurrences

to be attributable to technical factors of the treatment. Mill
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et al. (1977) analyzed 11 patients out of 116 treated with local

recurrences. Four recurrences were found to be true ones and

seven marginal ones. Chase (1977) used a protracted treatment

course with an absorbed dose of 1.5 Gy per fraction (40 Gy in

5 1/2 weeks). The true recurrence rate was 5% and 2/149 patients

had marginal recurrences. Johnson et al. (1976) reported qood

results with 40 Gy given in split-course treatment. One local

and one marginal recurrence were found in 54 treated patients.

In the reports mentioned above, information about the radiation

quality and technique used is often scanty. From the data pre-

sented it can, however, be concluded that the rate of recurrences

was neither higher nor lower when cobalt 60 gamma rays were

used as compared with 2 MV and 6 TTV X-rays.

The local failure rate (3/87 = 3%) in the present series compares

favourably with the corresponding pooled fiqures (146/1111 = 13»)

from the series mentioned above. Since treatment of relapsina

disease is usually less successful than primary treatment, it

is important to make the initial treatment as effective as poss-

ible. Weller et al. (1976) stated that "the results suaaest

that the best hope for cure of Hodqkin's disease still depends

on the adequacy of initial treatment, and that reliance on the

second treatment course to salvage the patients who relapse may

significantly reduce the likelihood of therapeutic success".

5.2. Side effects.

Radiation reactions of the orqans at risk (lung tissue, heart

and pericardium and spinal cord) were analyzed in Papers III and

VIII, in which the relevant literature is also cuoted.

Radiation reactions of the lungs did not prove to bo sorious,

although transient symptoms of radiation pneumonitis were often

relatively severe on chest films. Lunq function examinations

thus indicated that there was only a relatively sliqht decrease

in spirometric values. The relatively large frequency of marked

radiation reactions in the present material, 27/80 (=34*), how-

ever, shows that the time-dose pattern used is near to the
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tolerance limit in mantle treatment.

Castrup et al. (1976) recently analyzed radiation lung reactions

after treatment of thoracic lymph nodes in Hodgkin's disease.

Their review of the literature disclosed a very variable frequen-

cy of radiation pneumonitis and radiation lunq fibrosis, ranging

from 0-82% and 9-95%, respectively, in the different series.

It should be noted that, as expected, such lung reactions were

more frequent and more pronounced after re-irradiation for re-

lapsing disease. Reports from other studies also show that

40 Gy in four weeks is near thn borderline of serious reactions

(for references, see Paper VIII and Carmel et al., 1976).

To minimize the radiation reactions, both beams are treated at

each fraction (Kirk et al., 1977) and the size of the mantle

beam was reduced when the hilar regions had received 40 Gy.

Another way to diminish the rate and grade of radiation lung

reactions would be to exclude the hilar regions from the target

volume. This is not consistent with the extended-field concept

(Papers II, V and VIII), and was therefore not adopted in the

present series. A review of the literature, further, shows

that the reported recurrences were often found in the hilar

regions (for references see Paper VIII; Carmel et al., 1976;

Mill et al., 1977; Chase, 1977). There thus seems to-day to be

little chance for further improving the present methods in order

to minimize the frequency of radiation lung reactions.

Roentgenologic and/or electrocardiographic findings compatible

with radiation reactions of the heart ond/or pericardium were

noted in 8/80 patients (=10?). The reactions were as a rule

mild and did not in any instance necessitate pericardal tapping

or pericardiectomy.

No serious symptoms of radiation spinal cord reactions were

seen, though Lhermitte's sign had been recorded in 7/80 (=9%)

of the patients.
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6. GENERAL SUMMARY AND CONCLUSIONS.

Radiotherapy is the treatment form preferable for localized

Hodgkin's disease. It is very important that the initial treat-

ment is successful, since a recurrence may influence the prog-

nosis unfavourably and re-treatment may result in serious comp-

lications.

In the radiotherapy of supradiaphraamatic Hodakin's disease,

the target volume should include not only the demonstrated

tumour but also the adjacent, apparently unaffected lymph node

regions in order to reduce the frequency of supradiaphraqmatic

recurrences. The target absorbed dose to be aimed at is of the

order of 40 Gy. This absorbed dose may well bo given in rela-

tively small fractions over a relatively lona treatment period

(e.g., 27 fractions over a 10 weeks' split-course treatment in

two series), in order to diminish radiation reactions in orqans

at risk. For the same reason, both beams ouaht to be q i von at

each fraction.

This study has shown that treatment with cobalt 60 aamma rays

will give as good results as treatment with high eneray X-rays.

In vivo measurements of absorbed dose have proved that the

method described will have an accuracy of delivered absorbed

dose of ±3%. To secure an accuracy better than l.r>' in the ab-

sorbed dose delivered to the individual patients in all parts

of the mantle beam, in vivo measurements are recommended, espec-

ially if two treatment positions are used.

The study has shown that a proper definition of the target

volume and reliable patient positioning are very important de-

tails in the execution of the treatment. Failure in these re-

spects can give large dosimetric errors, which may easily re-

sult both in relapses of the disease itself and an increase in

the side effects.
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The treatment technique described can be copied and used at

other centres. The accessories are inexpensive and computers

are not required for planninq the absorbed dose distributions.

Mantle treatment is very complex and reauires meticulous atten-

tion in all phases of its execution. To secure such a low fre-

quency of local failures as that of the present method, it is

necessary that the physician, the physicist, the radioqraphers

and the patient all co-operate in a team.
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