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This study was designed to explore the effects of adjuvant
postoperative radiation therapy on the course and survival of
patients with Dukes C adenocarcinoma of the rectum. Mod-
erate dose radiotherapy was offered to 64 patients. Twenty-
four accepted and were treated, while the remainder refused.
With a mean follow-up of 32.3 months, the overall survival
rate was 63% (40/64) and the mean disease-free survival rate
at the time of this report was 45%. The following variables
were analyzed separately: operative procedure, distance of the
tumor from the anal verge, tumor size, and transmural, vas-
cular, lymphatic and perineural invasion of tumor. The most
significant differences between irradiated and non-irradiated
patients were found in the group of patients whose lesions were
6 cm or less from the anal verge. Of the 19 such patients with
an average follow-up of 36.4 months, ten patients were irra-
diated and nine were not irradiated. The irradiated group had
a 90% (9/10) survival rate and 70% (7/10) ofthem were disease
free; the non-irradiated group had a 44% (4/9) survival rate
and 22% (2/9) ofthem disease free. It is concluded that patients
with adenocarcinoma of the rectum metastatic to lymph nodes,
whose lesions' lower border is measured 6 cm or less from the
anal verge, benefit significantly from adjuvant postoperative
radiotherapy.

IN AN EFFORT to improve the long-term salvage of pa-
tients with Dukes C adenocarcinoma of the rectum,

the authors have explored the effects of moderate dose
adjuvant postoperative radiation therapy. Sixty-four
consecutive patients with Dukes' C carcinomas treated
by anterior resection, abdominosacral resection, or ab-
dominoperineal resection made up the study group. One
operative death and three early post-discharge deaths
due to intercurrent disease were excluded from the
study. All patients were operated on in a single insti-
tution by one surgeon. At the first post-discharge visit,
the experimental nature of the study was explained in
detail to all 64 patients by the operating surgeon; 24
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patients accepted radiation and constitute the treated
group and 40 refused radiation and constitute the con-
trol group.

Radiation was delivered either by a telecobalt unit or
a 4-MeV linear accelerator. The general protocol called
for 4500 to 5000 rads at 180 rads per fraction and 900
rads per week. One patient receiving 6000 rads was
treated in another city. The whole pelvis was irradiated
in all patients, some by anterio-posterior opposed por-
tals, but the majority by a four-field technique using
anterio-posterior and right and left lateral portals. Per-
ineal portals were used in some patients with abdomi-
noperineal resection. No boosts were applied. The in-
terval between surgery and the onset of radiotherapy
averaged 43.7 days, with a range of 11 to 120 days.

All pathologic materials were reassessed (by Q.V.) sep-
arately, without knowledge of treatment modality or
outcome. Attention was directed toward specific histo-
logic characteristics. Included among these were trans-
mural invasion of tumor, degree of glandular differen-
tiation (histologic grade), lymphatic invasion, and ex-
tramural vascular and perineural invasion of tumor.
Distance of the lower border ofthe tumor from the anal
verge was measured by sigmoidoscopy in the knee-chest
position by the senior author.

Follow-up was conducted by the same individual
(S.A.L.). Supplemental follow-up information was ob-
tained from the patients' private physician in about one-
third of the patients. No patients were lost to follow-up.
Evidence of either distant or local disease was deemed
a recurrence. Patients were classified as "free ofdisease"
if they were eithcr without symptoms of recurrence or
without evidence of disease by diagnostic studies. No
autopsies were obtained.
The statistical methods described by Peto et al.3' were

utilized with our data. Both survival and disease-free
intervals were reviewed. Lifetables were constructed and
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the "logrank test" of significance was used. Subgroups
of the original cohort were constructed on the basis of
the previously mentioned histologic characteristics as
well as by tumor distance from the anal verge and by
operative procedure performed.

Group Comparison

Those patients who underwent a course of adjuvant
radiotherapy were designated as group R and those who
did not were designated as group N. The two groups are
compared in Table 1. The average age of the entire pop-
ulation was 66.9 years, with a range of 44 to 89 years.
Group R ranged from 47 to 77 years, with a mean age
of 63.6 years, and Group N ranged from 44 to 89 years,
with an average of 68.9 years. No statistical difference
with regard to age or sex was noted in the overall pop-
ulation. Group R had 15 men and nine women, while
Group N had 16 men and 24 women. All patients un-
derwent either abdominperineal resection, abdomino-
sacral resection, or anterior resection.

Using guidelines previously delineated,20 any patient
whose tumor was measured to be less than 7.5 cm from
the anal verge in a man or 5.5 cm from the anal verge
in a woman was a candidate for abdominoperineal re-
section. Candidates for abdominosacral resection had
tumors that measured from the anal verge between 5.5
to 10 cm in women and 7.5 to 11 cm in men. All other
patients underwent anterior resection.

In group R, nine abdominoperineal resections, 13
abdominosacral resections, and only two anterior resec-
tions were performed. Patients in group N also had nine
abdominoperineal resections with ten abdominosacral
resections and 21 anterior resections. Only the anterior
resection patients had a statistically different represen-
tation with regard to adjuvant therapy. Analysis of this
data has no significance and bearing on our final con-
clusions. For the entire group of64 patients, the average
distance from the anal verge was 9.1 cm. Forty-four
patients, 19 in group r and 25 in group N, had lesions
that measured 10 cm or less from the anal verge. Of
these 19 group R patients, ten patients had abdomi-

nosacral resection and nine had abdominoperineal re-
section. The 25 group N patients had ten abdomino-
sacral resections, eight abdominoperineal resections,
and six anterior resections. Of the 20 more proximal
lesions, there were five from group R and 15 from group
N. Of patients whose tumors were 6 cm or less from the
anal verge, there were ten from group R and nine from
group N. The ten group R patients underwent seven
abdominoperineal resections and three abdominosacral
resections, while group N had seven abdominoperineal
resections and two abdominosacral resections. No sta-
tistical significance was noted in these differences.

Fifty-seven patients (89%) had microscopic trans-
mural invasion of tumor. Nine patients (37%) from
group R and 11 patients (27%) from groupN had tumors
that were greater than 5 cm in diameter. Poor histologic
differentiation was described in the tumors of eight pa-
tients (33%) from group R and 19 patients (47%) from
group N. Sixteen group R patients (67%) and 21 group
N patients (53%) had tumors that were described as
moderate to well differentiated. No statistical difference
was noted in any of these categories.
Adenocarcinoma was found in the lymphatics in eight

group R patients (33%) and ten group N patients (25%),
while only a total of seven patients (1 1%) had histologic
evidence ofperineural involvement. Tumor invaded the
extramural blood vessels in three patients (13%) from
group R and five patients (13%) from group N.

Results

At the time of this report, there was a 63% (40/64)
survival rate in the total population, with an average
follow-up length of 32.3 months. Sixty-seven per cent
of group R patients survived over an average of 35
months follow-up and 60% of group N survived an av-
erage of 31 months follow-up. Life tables for the entire
group (Fig. 1) and comparing group R and group N (Fig.
2) are plotted.

Forty-five per cent (29/64) of the total population re-
mained disease-free during the course of this study. In
group R, 46% of the patients were without disease. The

TABLE 1. Clinical and Pathologic Features as Described in the Study Group (64 Lymph Node Positive Dukes' C Adenocarcinomas)

Distance-ANAL Differen- Invasion
Verge Operation* ~~Size tiationt

Age Sex Verge Operation* Trans- Blood Lymph Pen-
Total Mean M/F <10 cm >10 cm APR ASR AR mural <5 cm >5 cm Poor Other Vessel Vessel neural

Overall 64 66.9 1/33 44 20 18 23 23 44 44 20 27 37 8 18 7
Group N 40 68.9 16/24 25 15 9 10 21 29 29 11 19 21 5 10 3
Group R 24 63.6 15/9 19 5 9 13 2 15 15 9 8 16 3 8 4

* APR = abdominoperineal resection; ASR = abdominosacral re-
section; AR = anterior resection.

t Differentiation: other = moderate or well.
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FIG. 1. Lifetable of survival for the entire patient population of Dukes
C rectal adenocarcinoma.
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FIG. 3. Lifetable comparing survival in group R (radiated) and group
N (non-radiated) in the subgroup of patients with tumors 10 cm or
less from the anal verge.

"logrank test" for statistical significance was used here
and in all subsequent calculations. No statistical signif-
icance was noted in this survival or disease-free data.

Distance from Anal Verge

In the population of patients whose tumors were
measured to be 10 cm or less from the anal verge, there
was a 61% (27/44) overall survival rate. Group R had
a 79% (15/19) survival rate, while group N had 48% (12/
25) rate. The life table, plotted in Figure 3, shows a

statistically significant benefit to group R (p < 0.05). In
the same population, 45% of the patients (20/44) re-

mained disease-free. Fifty-eight per cent of the patients
(11/19) in group R and 36% of patients (9/25) in Group
N were disease-free. Life tables for this relationship (Fig.
4) also showed a significant difference (p < 0.05). If the
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FIG. 2. Lifetable comparing survival in group R (radiated) and group
N (non-radiated) in the entire patient population of Dukes C rectal
adenocarcinoma.

data is subjected to further scrutiny, however, more sig-
nificant benefit appears to be enjoyed by group R in
those tumors that measured 6 cm or less from the anal
verge. Conceivably, the markedly improved results in
this subgroup could skew the data enough to give a spu-
rious significant response in the group with tumors mea-
suring 10 cm or less from the anal verge.
Of the 19 patients whose tumors were located 6 cm

or less from the anal verge, the overall survival rate was
68% (13/19). There was a 90% (9/10) survival rate in
the radiated group R and a 44% (4/9) survival rate in
the non-radiated group. (Fig. 5) These data have a high
degree (p < 0.03) of statistical significance that is rein-
forced by the fact that 70% (7/10) ofthe radiated patients
were disease-free and only 22% (2/9) ofthe non-radiated
patients were disease-free. (Fig. 6) (p < 0.02).
The subgroup of patients whose tumors were located
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FIG. 4. Lifetable comparing per cent disease-free in group R (radiated)
and group N (non-radiated) in the subgroup of patients with tumors
10 cm or less from the anal verge.

20

100

LX. 80
-i4-J

> 60cn>

w a:

C 40
I<-0
w
U-

20

_

0 , I * . I I



THERAPY FOR DUKES C ADENOCARCINOMA

0- GROUP N 9 PATIENTS

l-6 GROUP R 10 PATIENTS

X2 =4.789, df. = I
p (0.03

0 10 20 30 40 50 60 70

TIME FROM SURGERY (Months)

FIG. 5. Lifetable comparing survival in group R (radiated) and group
N (non-radiated) in the subgroup of patients with tumors 6 cm or less
from the anal verge.

between 6 and 10 cm from the anal verge were analyzed.
The overall survival rate was 56% (14/25). The group
R survival rate of 67% (6/9) and the group N survival
rate of50% (8/16) did not achieve statistical significance.
For this same group of lesions (6-10 cm), there were
44% (11/25) group R and 44% (7/16) group N patients
who were disease free. These data have no statistical
significance.

Operative Procedure

When the population is subdivided on the basis ofthe
operative procedure performed, there is an overall sur-
vival rate of 72% (13/18) when the procedure was ab-
dominoperineal resection, 56% (13/23) for abdomino-
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FIG. 7. Lifetable comparing survival in group R (radiated) and group
N (non-radiated) in the subgroup of patients undergoing abdomino-
perineal resection.

sacral resection, and 61% (14/23) for anterior resection.
Among patients undergoing the abdominoperineal re-
section, group R enjoyed a 100% (9/9) survival rate,
compared to 44% (4/9) in group N. (Fig. 7) (p < 0.02).
Similarly, 78% (7/9) of group R remained disease-free,
compared to 22% (2/9) of group N in those patients
undergoing abdominoperineal resection. (Fig. 8) (p
< 0.025).

It must be emphasized that the abdominoperineal
group contained almost all of the patients with the le-
sions below 6 cm. These lesions have been shown to be
influenced the most by radiation.'4"19'28'38'43 It may be
that the anatomic distance, and not the operative pro-
cedure, has influenced the results of radiation.
When the patients who underwent abdominosacral

resections were analyzed, the 54% (7/13) survival rate
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FIG. 6. Lifetable comparing per cent disease-free in group R (radiated)
and group N (non-radiated) in the subgroup of patients with tumors
6 cm or less from the anal verge.
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FIG. 8. Lifetable comparing per cent disease-free in group R (radiated)
and group N (non-radiated) in the subgroup of patients undergoing
abdominoperineal resection.
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- GROUP N 19 PATIENTS from the survival rate in the whole population. Group
0 6-6 , 4GROUP R 22 PATIENTS R and group N showed no differences in this small num-

ber of patients.
o - L, > 5 q A total of 18 patients had histologic evidence of lym-

phatic vessel invasion. The survival rate of 67% (12/18)
0 _ z * : overall revealed a 63% (5/8) survival rate for group R

2= 2.720, d.f. 1 and 70% (7/10) for group N. Only seven patients who
P<0.1 were examined had perineural invasion by tumor, four

. . . patients in group R and three in group N. The only
pathologic finding that occurred with any degree of fre-

0 ~ quency was poor histologic differentiation that was de-
scribed in 27 patients. The survival rate of patients in

D' ' ' ' '' ' '' '' group R with this histologic finding was 75% (6/8), com-
0 10 20 30 40 50 60 70 pared with 53% (10/19) in group N patients; this does

TIME FROM SURGERY (Months) not have statistical significance.

FIG. 9. Lifetable comparing survival in group R (radiated) and group
N (non-radiated) in the subgroup of patients undergoing abdomino-
perineal resection or abdominosacral resection.

for group R was not significantly different from the 60%
(6/10) survival rate for group N. The same was true for
the percentage disease-free patients, with 31% (4/12) in
group R and 50% (5/10) in group N. Only two of the
23 patients undergoing anterior resection were irradi-
ated, and, therefore, comparisons were considered to
have little meaning.

If a further subdivision of the population is con-

structed to include both the patients who were treated
by abdominoperineal resection and those who under-
went abdominosacral resection, there is a trend which
seems to favor group R. Statistical significance, however,
is not achieved. There is a 73% (16/22) survival rate in
group R, compared to 52% (10/19) in group N (Fig. 9)
(p < 0.1). Fifty per cent of group R is disease-free at the
time ofthis report, versus 37% (7/19) in group N. Again,
this trend is influenced greatly by the profound differ-
ence noted in patients with lesions of less than 6 cm

from the anal verge who underwent abdominoperineal
resection.

Pathological Characteristics

Transmural invasion of tumor was present in 57 of
the 64 patients (89%) in this study group. Although a

rare finding, patients with lymph node metastases with-
out transmural invasion (Astler-Coller C,)2 enjoyed a

100% survival rate and suffered only one recurrence.

There are four such patients in group R, but the numbers
are too small for meaningful analysis. When the patients
were compared on the basis of the size of the primary
tumor, no significant differences were detected. The his-
tologic characteristic of extra-mural vascular invasion
by tumor was found in a total of eight patients, ofwhom
three were from group R (13%) and five from group N
(13%). The overall survival rate of63% (5/8) differs little

Complications of Radiation

Diarrhea and mild urinary symptoms were quite com-
mon during the radiation course, without significant
sequellae. Mild skin erythema was noted also in a ma-

jority ofpatients. There was one episode oflate radiation
enteritis with obstruction, requiring laparotomy and
small bowel resection. This patient was treated in an-

other city and received 6000 rads.

Discussion

Although the first report ofthe use of radiation in the
treatment of adenocarcinoma of the rectum appears in
a case report by Symmondse in 1914, very little progress
was made until relatively recently. Attention was di-
rected toward palliation or transformation to operability
of unresectable lesions. Wang43 reported 111 cases in
1962, treated primarily for relief of symptoms. Eighty-
three per cent of the patients responded favorably to
2000 to 3000 rads, and six patients survived 5 years or

more. Such data have prompted interest in radiotherapy
as a primary curative measure.30'35
The first major contribution to radiotherapy as ad-

juvant to curative resection was a series of retrospective
reports from Memorial Hospital in New York.'9'32'38
These studies examined 1786 patients who were treated
preoperatively with about 2500 rads to the pelvis. The
only patients who seemed to benefit from the adjuvant
treatment were those whose tumors were metastatic to
local lymph nodes (Dukes C). Subsequent controlled
studies at the same institution failed to confirm these
findings.37 A Veterans Administration Hospital coop-

erative study also utilized preoperative radiation and was
among the first to describe the significantly smaller per-

centage of Dukes C tumors in their population after
irradiation. The suggestion was that radiation had al-
tered the pathologic specimen to such a degree that the
routine staging must be reinterpreted. Patients who un-

derwent abdominoperineal resection after a course of
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about 2000 rads enjoyed improved 5-year survival in an
uncontrolled study. 4 Further studies have accumu-
lated,'4"15'39 but the possibility of altered pathologic data
is a recognized flaw.
Many recent reports have concentrated on postop-

erative radiation in the dose range of4500 to 5000 rads.
Preliminary comments from M. D. Anderson Hospi-
tal33'44 and Massachusetts General Hospital22 suggest
decreased incidence of local recurrence, but make no
claims with regard to survival. Controlled, multi-insti-
tutional cooperative trials are in progress, some with a
separate arm, in which combined chemotherapy and
radiotherapy is offered to the patient.23 A method known
as the "sandwich technique" has been examined. This
technique employs 500 rads in a single dose, adminis-
tered immediately prior to surgery, followed by 4500
rads over 5 weeks after operation. No long-term follow-
up is available yet.24'25

Radiotherapy is, by definition, a modality aimed at
the control of local recurrence of disease. The relative
incidence of local recurrence has been examined in con-
siderable detail and varies, depending on the method
used to document recurrence.9' 3"9,42 Morson27'28 desig-
nated the Dukes C lesions located in the most distal
rectum to be at greatest risk for local recurrence. A more
recent report by Gunderson and Sosin'3 has reviewed
the Wangensteen "second look" data to reveal a re-
markably high incidence of local recurrence with the
preponderance again in Dukes C low rectal tumors. Of
considerable interest to the radiotherapist is the sugges-
tion in some reports3'5'7 that distant metastases may oc-
cur less frequently in the Dukes C lower third rectal
lesions. These lesions at high risk for local recurrence
but lesser risk for distant spread are well suited to ra-
diotherapy.

These findings appear to be well supported by the data
collected in the present report. The only subpopulation
in our cohort of Dukes C patients that appeared to ben-
efit from adjuvant radiotherapy were the patients whose
tumors were located most distally. This also affirms the
findings of the preoperative radiation trials.'4"16"19'37 Our
data indicate that adjuvant postoperative radiotherapy
may benefit those patients whose Dukes C tumors mea-
sure 6 cm or less from the anal verge.

It had been our intention to make use of specific his-
tologic characteristics to define further the group of pa-
tients whose survival statistics improved with adjuvant
radiotherapy. Such pathologic findings as lymphatic ves-
sel, vascular and perineural invasion by tumors, as well
as the degree of differentiation have been recognized to
influence survival.8,34,36,41 The only one of these char-
acteristics that occurred with sufficient frequency to
make interpretation meaningful was poor histologic dif-
ferentiation. This group had a trend in favor of the pa-
tients who undersent adjuvant radiotherapy. The dif-

23
ference, however, was not significant. Perhaps a larger
group and a longer follow-up is required to demonstrate
the influence of this histologic data.

It continues to be our opinion that postoperative ra-
diation has the advantage of an unaltered pathologic
specimen. This approach also spares many patients an
unnecessary course of radiation, because their tumors
will be staged prior to treatment.
The possible benefits ofradiotherapy must be weighed

against potentially harmful side effects. The acute en-
teritis manifested by diarrhea is common and usually
self-limited. Severe, late radiation enteritis is reported
to occur in 1% to 2% of patients.'6 The syndrome may
progress to complete obstruction or fistula formation.
Patients with generalized vascular disease, such as dia-
betes or hypertension, are known to be at a greater risk
to develop the complications. Histologic examination
of radiation-injured tissues suggests occlusive vascular
damage as an etiology. In addition, a small but consis-
tent percentage of patients may develop another carci-
noma after radiation.6'20 The radiotherapy literature has
begun to compile techniques that are intended to lessen
the likelihood of major complications.4 The one episode
of severe, late enteritis in our population appears to be
dose-related.

Summary

A total of 64 patients with adenocarcinoma of the
rectum metastatic to local lymph nodes (Dukes C)
formed our cohort. Each patient was offered the option
of postoperative radiation to the pelvis. A dose range of
4500 to 5000 rads was used. Twenty-four patients
elected to be irradiated (group R) and 40 patients refused
and were simply followed (group N). Overall survival
and disease-free statistics favored neither modality.
When the subpopulation with tumors located 6 cm or
less from the anal verge was analyzed, a significant ben-
efit seemed to be enjoyed by group R (90% versus 44%
survival rate and 70% versus 22% disease-free). A similar
relationship was found in those patients undergoing ab-
dominperineal resection. These data for the abdomi-
noperineal group may be due to anatomic locations (6
cm or less) rather than the operative procedure. All pa-
thology was reviewed independently, and such histologic
characteristics as differentiation, lymphatic, perineural,
and vascular invasion were assessed. No significant dif-
ferences in outcome could be detected in patients with
these findings.

Conclusion

Our study suggests that patients with adenocarcinoma
of the rectum metastatic to lymph nodes, whose lesions'
lower border is measured to be 6 cm or less from the
anal verge, benefit from adjuvant postoperative radio-
therapy.
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