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Abstract Purpose: Radiation myelopathy is late injury to spinal cord and should be avoided by
radiation oncologists. We analyzed the spinal cord tolerance for permanent radiation myelopathy
among long term survivors of esophageal cancer after definitive radiation therapy.

Subjects and Methods: Between 1971 and 1992, 226 patients with esophageal cancer were
treated by radiation therapy alone. Of these, 50 patients who survived more than 2 years after
radiation therapy were selected for this study. Subjects were 34 males and 16 females aged 47 to
87 (average=72 years old); 5 patients in Ce, 6 in Iu, 20 in Im, 17 in Ei, 2 in Ea; 36 with Stage I-III
disease, 14 with Stage IV according to the gross stage of the Japanese Society for Esophageal Diseases.
We investigated not only radiation factors such as radiation technique, spinal cord dose (TDF)
and field size, but also patient factors such as age, sex, body weight, serum cholesterol level,
hemoglobin, blood pressure in relation to radiation myelopathy.

Results: Permanent radiation myelopathy occurred in 4 patients (8.0%) at 12, 24, 36 and 52
months, total spinal cord dose being 70Gy (TDF=115), 69Gy (TDF=130), 71Gy (TDF=121),
66Gy (TDF=103), respectively. No patients who received less than 60Gy to the spinal cord
(TDF=99) developed radiation myelopathy. The risk of myelopathy at each dose level was 0/21
at TDF<66 (40Gy), 0/3 at TDF<82 (50Gy), 0/8 at TDF<99 (60Gy), 2/14 at TDF<115 (70Gy) and
2/4 at TDF>115 (70Gy). No patients who received a cord dose of TDF<120 developed radiation
myelopathy if the cord length irradiated was less than 10cm. Spinal cord doses of the patients
who developed radiation myelopathy were larger than the following formula: TDF=-20/3 X field
length (cm) + 580/3. Spinal cord dose and field size were important factors for radiation
myelopathy. In regard to patient factors, only serum cholesterol level lower than 170 mg/dl was
a significant factor for myelopathy. However, cholesterol levels of all four patients with
myelopathy were within normal limits.

Conclusions: We are not proposing spinal cord dose over 60Gy, but our results provide
reassurance to radiation oncologists faced with unavoidable spinal dose of 60Gy for tumor
control because of wide tumor extension, kyphosis and deviation of the esophagus which may
cause radiation pneumonitis due to off-cord fields. We believe that in the large majority of
patients the advantages of 60Gy of tumor and spinal dose outweigh the less frequent
disadvantages of myelopathy. Spinal cord dose up to 60Gy was tolerable and minimal tolerance
dose (TD5/5) might be over 60Gy using conventional fractionation.
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Table 1. Patients and tumor characteristics

All 2-year
Prognostic Factors patients
(260Gy) survivors
AGE mean 70.2y 72.2y
~59 27 3
60~69 70 14
70~79 9% 22
80~ 35 11
SEX Male 183 34
Female 43 16
LOCATION Ce 12 5
Iu 27 6
Im 122 20
Ei 58 17
Ea 7 2
TUMOR TYPE Superficial 18 10
Tumorous 33 15
Serrated 33 5
Spiral 115 16
Funnelled 27 4
TUMOR LENGTH =5cm 70 30
51~10cm 114 14
>10cm 42 6
STAGE* I-III 115 36
v 111 14
TOTAL 226 50

* staging of the Japanese Society for Esophageal Diseases
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Fig. 1 Overall survival curves of 2-year survivors
(Kaplan-Meier method)
Actuarial overall 2-year survival rate was 22%.
Actuarial overall 5-year survival rate for the
2-year survivors was 34%.
@: Cases of radiation myelopathy
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Table 2. Radiation myelopathy cases

Tumor  Tumor Spinal Cord Field Level Latent Survival
No Age Sex Location Length Dose Length of Period Time
(cm) (TDF) (cm) Myelopathy (months) (months)
. 68 M Eilm 6 70Gy / 35fr / 53days (115) 12.0 Thi2 24 32 Dead
2. 69 M Ei 4 69Gy / 23fr / S1days (130) 11.5 Th10 36 59 Dead
3. 70 F Celu 8 71Gy / 34fr / 49days (121) 13.0 Th2 12 43 Dead
4. 68 M Imlu 9 66Gy / 33fr / 63days (103) 14.0 Th10 52 74 Alive
Table 3. Radiation technique and the incidence of radiation myelopathy
Radiation techniques 2-year survivors Radiation myelopathy
4* or 5* fields (4, 5f) (n= 20) 3 (15%) 0 ( 0%)
3 fields (3N)* (n= 25) 6 (24%) 0 ( 0%)
2 fields (n=178) 41  (23%) 4 (9.8%)
AP, PA (2f) (n=120) 22 (18%) 3 (14%)
2 f — off cord (n= 39) 14 (36%) 0 ( 0%)
2f—~3f (n= 6) 2 (33%) 0 ( 0%)
2f—>4,5f (n= 13) 3 (23%) 1 (33%)
1 field (n= 3) 0 (0%) 0 ( 0%)
Total (n=226) 50 (22%) 4 (8.0%)

* two anterior oblique fields with a weight of 0.5 and two equally weighted (1.0) posterior oblique fields at 20

degrees off midline.

# above four fields technique plus an additional anterior field with a weight of 0.375.
& an anterior field with two posterior oblique fields at 45 degrees off midline, all equally weighted.
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Fig.3 Cumulative incidence rates of radiation myelopathy

according to spinal cord dose (TDF)
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Table 4. Radiation myelopathy in relation to intrinsic factors of the patients

Factors Incidence Probability*

Age =70y.0: 1733 3.0%) 0.108
<70y.o0. 317 (17.6%)

Sex Male 3/34 (8.8%) 0.617
Female 1/16 (6.3%)

Body Weight =450kg 329  (103%) 0.526
<45.0kg 1117 (5.9%)

Total Cholesterol 2170 mg/dl 0/21 (0.0%) 0.048
<170 mg/d} 420 (20.0%)

Systolic Blood Pressure =130 mmHg 1728 (3.6%) 0.086
<130 mmHg 3/13  (23.1%)

Hemoglobin (g/dl) =120 g/dl 2/31 (6.5%) 0.338
<12.0 g/dl 213 (15.4%)

* Fisher’s test
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