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Abstract
To identify and describe late neurological complications in a Danish testis cancer cohort treated by radiotherapy. Clinical
retrospective material of 94 consecutive patients with malignant testicular tumours treated at Aarhus County Hospital from
1964 to 1973. The irradiated dose in the paraaortic field varied from 27 to 55 Gy given 5 or 6 days a week, from the back
and front alternately. The biological equivalent dose of the spinal cord was calculated using the linear-quadratic model.
Median follow-up was 25 years, range 7 to 33 years. Seven patients were identified with late neurological complications after
irradiation. One developed symptoms 9 months after treatment, but in the six other cases we found a latency period between
10 and 20 years from radiotherapy until the initial neurological symptoms began. The clinical picture in all seven patients
was dominated by muscle atrophy, flaccid paresis in the lower limbs and absence of sphincter disturbances or sensory
symptoms. High spinal cord dose was related to increased risk of neurological damage. During follow-up19 patients
developed another primary cancer in the radiation field; nine patients were diagnosed with severe arteriosclerosis and 13
patients with long-term gastrointestinal morbidity. Seven patients were identified with late neurological complications, and a
clear dose-incidence relationship was shown. The latency period, from irradiation to the initial neurological symptoms
began, ranged from 9 months to 20 years with progression of symptoms beyond 25 years. Furthermore many patients in the
cohort suffered from solid tumours in the radiation field, severe arteriosclerosis and long-term gastrointestinal morbidity.

Late radiation induced damage to the spinal cord

and adjacent nervous structures results in chronic

progressive syndromes, which include classic radia-

tion myelopathy, plexopathy, and neuropathy. In the

lumbal part of the spinal cord an isolated motor

dysfunction has been described with paralysis and

loss of deep reflexes, usually described as post

irradiation lower motor neuron syndrome (PLMNS)

[1,2]. Usually these syndromes initiate up till 2 years

after radiotherapy. However, a latency period of 13

years in a single patient developing PLMNS have

been described [3]. Long-term neurological damage

after radiotherapy has usually been analysed with an

average follow-up period below 10 years [4]. How-

ever there is growing evidence that complication

involving nerves progress in both prevalence and

severity with time after radiotherapy [5,6].

Radiation is an established curative organ-conser-

ving therapy and the success of cancer treatment

has led to longer patient survival, therefore it is

important to know the late effects many years after

treatment.

The aim of this study was to identify and describe

late neurological complications in a Danish testis

cancer cohort treated with radiotherapy.

Material and methods

Patients

Clinical retrospective material of consecutive pa-

tients with malignant testicular tumours treated at

Aarhus County Hospital between September 1964

and April 1973. A total of 94 patients, 55 with non-

seminoma and 39 with seminoma living in Aarhus

County were included. The selection criteria for this

study were: (1) Alive 5 years after diagnosis; (2) No

chemotherapy, or previous radiotherapy; (3) No

previous malignancy. The median follow-up time

was 25 years (range 6.6�32.9 years). The median

age when radiotherapy was initiated was 34 years
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(range 18.8�64.2 years). The median age for

patients with seminomas was 37 years (range 25.3�
55.1 years), and with non-seminomas 31 years

(range 18.8�64.2 years).

Data

The data was obtained from the case records where

patients were followed one or twice a year for at least

5 years. Details of radiotherapy were available from

the individual treatment sheets. Discharge letters of

every relevant admission on hospitals and letters

from private neurologist were obtained. Copies of

death certificates from patients who died before

1998 were available. Fifty-eight (62%) family physi-

cians were contacted by telephone with specific

questions about the patient health and working

capacity.

Treatment

The treatment of testicular cancer was orchidectomy

and subsequently irradiation given either therapeutic

or prophylactic to the regional lymph nodes. The

radiation therapy was given with 2 field technique

and included the para-aortic lymph nodes bilaterally

and inguinal and iliac lymph nodes unilaterally. The

upper border of the treatment field was usually

placed at the lower margin of the eleventh thoracic

vertebra (Figure 1). Of the 94 patients, 89 received

cobalt therapy and five were irradiated with photons

from a linear accelerator. The radiation therapy was

given 5 or 6 days a week, from the front and back

alternately. Only 13 patients were irradiated back

and front each day. The prescribed radiation dose in

the para-aortic field including the spinal cord varied

from 27 Gy to 54.5 Gy in 9 to 28 fractions in 13 to

47 days. Dose per fraction varied from 1.5 to 4 Gy.

Biological dose

To calculate the absorbed total spinal cord dose in

each patient, we calculated the Biologically Equiva-

lent Dose given in 2 Gy per fraction using the linear-

quadratic model. A value for a/b�/2 Gy was

assumed to be reasonable for late reaction of the

spinal cord, and the reference depth from skin to

spinal cord�/3 cm.

Statistical methods

Statistical analysis was performed using the SPSS

11.0 for Windows program package. The survival

function and probability calculation were made

according to the Kaplan-Meier method.

Results

Seven patients were identified with late neurological

complications after irradiation (Table I). One patient

developed neurological symptoms 9 months after

treatment, but in the six other cases we found a

latency period between 10 and 20 years from radio-

therapy to the initial neurological symptoms began.

Furthermore we observed a slow progression of

symptoms over 30 years with five of the patients

developing paralysis. The clinical picture in all seven

patients was dominated by muscle atrophy, flaccid

paresis in the lower limbs, missing patellar- and

Achilles reflex with absence of sphincter distur-

bances and sensory symptoms. These characteristics

are all defined in the type of neuropathy with isolated

motor symptoms, mostly described as PLMNS. In

Figure 1.
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Table I. Patients identified with late neurological complication after irradiation

Case No. Age (yrs.)

Radiotherapy Lumbal field

Ant and post Biologic dose (Gy)

Latency period

(years) Follow-up Neurological symptoms Neurological findings

1 34 3 Gy

12 fractions

6 times a week

52 �/10 No progression 24 years

after treatment

Minor loss of strength right lower

limb.

Missing right patellar- and achilles-

reflex, disturbed gait, normal sensi-

bility.

2 35 1.6 Gy twice daily

27 fractions,

1.5 Gy twice daily

1 fraction 5 times a week

59 9 months Progressive 8.6 years after

treatment

Increasing weakness of lower

limbs, pain, preventing basic ac-

tivities. Wheel chair user.

Progressive bilaterally paresis of the

lower limbs, missing achilles-and

patellar reflex, fasciculations, normal

sensibility.

3 31 3.1 Gy

13 fractions,

2.75 Gy

1 fraction

0.95 Gy x 1 fraction

5 times a week

61 17 Progressive 26 years after

treatment

Increasing weakness of lower

limbs bilaterally, pain, interfering

with normal activities. Walk with

stick.

Decreased muscle power of lower

limbs bilaterally, missing patellar-and

achilles reflex, normal sensibility.

4 37 3 Gy

14 fractions

5 times a week

56 13 Progressive 25 years after

treatment

Increasing weakness of right

lower limb, pain, interfering with

normal activities. Peroneal brace.

Drop foot, muscle atrophia, paralysis

of ant. muscles on crus, missing

patellar-and achilles reflex, normal

sensibility.

5 25 3 Gy

15 fractions

5 times a week

60 10 Progressive 29 years after

treatment

Increasing weakness of lower

limbs bilaterally, preventing basic

activities. Wheel chair user.

Progressive bilaterally paresis of the

lower limbs, missing achilles-and

patellar reflex, fasciculations, normal

sensibility.

6 42 3 Gy

17 fractions

5 times a week

62 12 No history after 12 years Increasing weakness lower limbs,

interfering with normal activities.

Missing achilles- and patellar reflex,

normal sensibility

7 29 3 Gy x 10 fractions,

2.8 Gy x 4 fractions,

2.3 Gy x 1 fraction,

5 times a week

59 20 Progressive 24 years after

treatment

Increasing weakness in left lower

limb, interfering with normal

activities. Peroneal brace.

Drop foot, muscle atrophia left femur

and crus, decreased muscle power,

missing achilles reflex, normal sensi-

bility.

N
eu

rologica
l

com
p
lica

tion
s

follow
in

g
ra

d
ioth

era
p
y

4
9
9



the two most severe cases fasciculations in the

femoral and crural muscles are described and three

patients suffered from pain in the loin and lower

limbs. Four of the patients underwent a cerebrosp-

inal fluid examination, which in three cases showed

unspecific protein increase and in one case normal

values.

Figure 2 illustrates that the probability of devel-

oping neurological syndromes in this cohort in-

creases up till 20 years after radiotherapy.

The overall survival for the patients divided by

tumour type is shown in Figure 3. As expected there

is no difference in survival for seminoma versus non-

seminoma 5 years after diagnosis. The relapse and

death after testis cancer occur usually within the first

years after diagnosis.

Dose-response

Figure 4 shows a significant correlation between the

biologic spinal cord dose and the probability of

developing neurological damage. The biologically

equivalent dose, in 2-Gy fractions, range from 52 to

62 Gy to late reacting tissue, in the seven patients

developing late spinal cord damage.

Secondary cancer

During follow-up also other serious problems were

discovered. Table II shows that 19 patients developed

another primary cancer in the radiation field during

the follow-up period. And 11 of these died due to the

cancer. Five patients developed testis cancer on the

contra lateral side in the follow-up period.

Other serious problems

Thirteen patients suffered from post irradiation

intestinal damage. Four of them had peptic ulcer

and at least two underwent surgeries, two suffered

from malabsorbtion accompanied by grave loss of

weight, four developed gangrene of the small

intestine, three of them died. Three others had a

gastrointestinal surgery due to ileus or stenosis.

Nine patients were diagnosed with severe arterio-

sclerosis in the lower limbs. They were all diag-

nosed before they were 60 years and they all died

early with a median age at 59 years (range 42�70

years). At least four of these underwent an arter-

ioplastic surgery and one died of a mesenterial

thrombosis.

Figure 2. The probability of developing neurological complica-

tions after treatment (n�/94)
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Figure 3. Overall survival for all patients divided by histological

type.

Figure 4. The dose-response relationship between calculated

biological spinal cord dose and the probability of neurological

damage.
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Two patients underwent nephrectomy because of

radiation nephritis, nine patients had medical treat-

ment for hypertension, and one of them died of

malignant hypertension.

Figure 5 illustrates that the risk of dying of

complications due to radiotherapy (n�/5) or the

risk of dying of another primary cancer in the

radiation field (n�/11) increases for three decades

after treatment.

Discussion

Fifty percent of the patients in this cohort were still

alive 30 years after treatment, and therefore they

could express very slowly evolving injuries following

radiotherapy.

Neurological syndromes

Seven patients were identified with late neurological

syndromes after radiotherapy. A neurologist exam-

ined all these patients, other differential diagnoses

were excluded, and the conclusions in the neurolo-

gical letters were, that the neurological syndromes

were due to earlier treatment with high doses of

radiotherapy.

Nine other patients in this cohort developed

neurological symptoms. Three of them had well-

defined neurological diagnoses, but in the six other

cases the exact diagnoses are lacking. Two patients

were wheel chair users, but results from neurological

examination were not available. One of them had

emphysema, severe arteriosclerosis with clauditatio

intermittence and he was an alcohol addict. He had

disturbed gait, but no one had described the

neurological status. He died 57 years old due to

the alcohol abuse. The other patient, who was wheel

chair user, suffered from severe adipositas, diabetes

mellitus and nephropathy. The neurological symp-

toms were concluded to be due to the diabetes. He

died 56 years old due to the chronic diseases. Three

patients suffered from back pain and minor neuro-

logical symptoms in the lower limbs, but in all three

cases the general practitioner has explained the

symptoms as ‘‘chronic back problems’’. One patient

had four surgeries because of a discus prolapse or

fibrosis, but continued to have back pain and

decreased muscle power in the lower limbs. It is

very likely, that some of these neurological syn-

dromes to some extent were due to earlier radio-

therapy, but in a retrospective material it is

impossible to get closer to the truth. But we can

conclude that at least seven patients suffer from

neurological complications after radiotherapy.

All seven events had isolated motor dysfunction in

the lower limb, two patients unilaterally and five

bilaterally. These symptoms are known from earlier

literature. Tallaksen et al. [2] described a case report,

and in a brief review they mention 30 other cases from

eight different authors [4,7�13]. The syndromes have

many different names, but the frequently used name

seems to be PLMNS. The clinical picture, though, are

very similar with muscle atrophy in the lower limbs,

decreased muscle power, paresis/paralysis of anterior

muscles on crus, missing Achilles- and patellar reflex,

drop foot often accompanied by pain and fascicula-

tion’s. Furthermore there is normal sensibility.

Table II. The number and type of secondary cancer in the radiation field

Secundary cancer No. of patients No. died of sec. cancer

Pancreas 7 7

Colon 4 2

Bladder 2 1

Basal cell carcinoma (loin and mons pubis) 2 0

Malignant fibrous histocytoma (loin, L3) 1 0

Peritoneal carcinosis, adenocarcinoma (primary tumor unknown) 1 1

Intraabdominal tumor (no histology) 1 0

Kidney 1 0

Total 19 11

Probability of dying
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Figure 5. Illustrates the probability of dying of all causes

compared with the probability of dying of complications after

radiotherapy. The probability of dying of complications increases

constantly during a 30 years period after treatment.
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The localization of damage is discussed by several

authors and they all seem to support localization to

the anterior horn cells or the proximal segment of

the nerve. Only two of the patients in this material

underwent electrophysiological examination, and

only a short conclusion in the neurological case

record was available. None of the patients who died

had an autopsy.

The cerebrospinal fluid findings (increased pro-

tein), also reported by most authors are unspecific

and probably indicative of damage to the blood brain

barrier.

Latency period

The latency period (from radiotherapy to the neu-

rological symptoms initiated) in this material was

median 12 years (range 9 months to 20 years) and

judging from the literature this is uncommon. In

1969 Maier et al. [3] described a latency period of 13

years in a single patient developing PLMNS, other-

wise radiation myelopathy are reported usually to

start within two years after treatment, progress over

a couple of years and then reach a plateau. But in

most of the studies describing PLMNS the follow-up

period is less than 10 years, and that is an obvious

explanation why the findings in this report are sole.

Johansson [6] described plexus brachialis injury in

breast cancer patients after radiotherapy and found

onset of neuropathy up till 17 years after completion

of the irradiation with progression of the severity of

the symptoms beyond 30 years after. These data

demonstrate that follow-up more than 5 years is

essential to evaluate late side effects.

The late damage in the spinal cord is not fully

understood. But there is now increasing evidence

indicating that the response of the CNS after radio-

therapy is a continuous and interacting process [5].

Secondary cancer

Nineteen patients developed secondary solid tu-

mours in the treatment field. Travis et al. [14]

made a follow-up of long-term survivors after

testicular cancer and reported that excess of leukae-

mia and cancers of stomach, bladder and possibly,

pancreas were associated with radiotherapy. Further-

more they concluded that men with testicular cancer

continued to have a significantly elevated risk of

second malignant neoplasm for more than two

decades following initial diagnosis. Møller et al.

[15] investigated 6 187 Danish men with testicular

cancer in the period 1943�1987 and found an

increased risk for leukaemia, gastric cancer, pan-

creatic cancer, bladder cancer, non-melanoma skin

cancer and kidney cancer. Especially leukaemia was

reported to appear in the first 10 years after

testicular cancer diagnosis, whereas the excess in-

cidence of the solid tumours was strongest 10�19

years after. In our material all patients dying within 5

years after diagnosis were excluded, and this could

explain that we do not see any patients with

leukaemia. No observed-to-expected calculation

was made on this small material, and it is impossible

to state that all cancers in the treatment field are due

to earlier irradiation, but it is very likely that the

majority of these cancers are. In a review Bokemeyer

[16] concludes that a three-to sevenfold increased

risk seems to exist for the development of solid

tumours arising in the previous radiation ports in

patients treated for testicular cancer.

Five patients developed a new primary testicular

cancer on the contra lateral side. It is well known,

that patients with earlier history of testicular cancer

have an increased risk of carcinoma in situ on the

contra lateral side, followed by an increased, not

treatment-related, risk of developing cancer [17].

Other severe complications

Radiotherapy can induce and aggravate arterio-

sclerosis of the large arteries, with lesions sharply

defined within the radiation field [18]. Irradiation

influences the permeability and cellular processes of

the vessel wall which leads to development of the

atheromatous plaque, which are not different from

plaques in patients who never received radiotherapy.

Gastrointestinal damage is a well-known complica-

tion after infradiaphragmatic radiotherapy. Dyspep-

sia and diarrhoea is common, but also more severe

adverse effects such as peptic ulcer, malabsorbtion

syndrome, ileus and stenoses are described [19]. In

the present cohort it is difficult to distinguish

between arteriosclerosis and gastrointestinal damage

and some of the complications mentioned above are

probably a combination. In animal models histo-

pathologic effects of chronic radiation damage of the

rectum are changes in the thickness of the submu-

cosal layer and degeneration of the vessel wall [20].

Radiation nephritis is well known from the literature

as both volume and dose related, and often accom-

panied by hypertension [21]. It is impossible,

though, to conclude that the hypertension is due to

earlier radiotherapy.

Among 94 long-term survivors we identified

35 patients who suffered from different severe

complications within the radiation field. Most often

medical records contain only information about

major treatment-related side effects and underreport

minor somatic as well as sexual and psychosocial

complications. Although important [22], they can

not be discussed in this retrospective study.
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Why did it go so wrong?

In the 60th and 70th the treatments of choice for

testicular cancer were orchidectomy and radiother-

apy. Especially non-seminomas were relatively radio-

resitant and had to have high doses of radiotherapy

to achieve tumour control. Furthermore the field

size were large, and the patients young with a long

survival time. The patients were treated according to

the best knowledge available at that time.

The radiotherapy was given from the front and

back alternately, leading to a poor dose distribution

through the patients with high total dose and dose

per fraction.

The possibility exists, that overlap of irradiated

fields resulting in hot spot areas, may have occurred in

an occasional case during this period, although there

is no direct evidence of this from the data available.

Today the treatment technique has changed dra-

matically after introduction of cisplatin-based che-

motherapy to primarily non-seminomas, and better

radiation technique with eliminating the risk of hot

spot areas and awareness of the risk with hypofrac-

tionation. The long-term overall survival for testis

cancer patients today is 95%. However, there are still

reported post-treatment long-term sequelae which

emphasize the importance of long-term surveillance

[23].

Seven patients were identified with late neurologi-

cal complications all described as a post-irradiation

lower motor neuron syndrome (PLMNS), and a

clear dose-incidence relationship was shown. The

latency period, from irradiation to the initial neuro-

logical symptoms began, ranged from 9 months to 20

years with progression of symptoms beyond 25 years.

Furthermore many patients in the cohort suffered

from solid tumours in the radiation field, severe

arteriosclerosis and long-term gastrointestinal mor-

bidity. The number and severity of treatment-related

complications increased through three decades after

radiotherapy, suggesting continued surveillance of

survivors is important to evaluate late side effects.
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