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Induction Chemoradiation for Rectal Cancer

Nancy Han, MD; Susan Galandiuk, MD

Objective: To review the application, outcome, and re-
cent developments of neoadjuvant chemoradiation
therapy with respect to rectal cancer.

Data Sources and Study Selection: Articles writ-
ten in English after 1980 selected from MEDLINE and
PubMed from the National Library of Medicine. Case
reports were excluded. There were no other criteria for
exclusion of published information pertaining to this
topic.

Data Extraction and Synthesis: Articles were ob-

tained and organized from MEDLINE and PubMed as well
as the reference lists of pertinent literature.

Conclusions: Published reports have demonstrated that
neoadjuvant chemoradiation improves survival and de-
creases local recurrence in patients with stage II and 11
rectal cancers. It is anticipated that advances and tech-
nical developments in both chemotherapy and radia-
tion therapy will lead to improved oncologic results with
decreased toxic side effects.
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HE GOAL IN THE TREAT-

ment of rectal cancer is

complete eradication of dis-

ease, but frequently this

cannot be achieved by sur-
gical resection alone. Residual micro-
scopic disease may remain at the surgical
margins or at distal sites. Adjuvant therapy
treats this microscopic disease, decreases
recurrence, and improves survival. Higher-
risk patients benefit the most from adju-
vant therapy. The average 5-year postop-
erative survival rate without adjuvant
therapy for stage II rectal cancer is 70%
with stage III patients having a 40% 5-year
survival rate.' Stage 11 and I1I patients are
frequently considered for adjuvant therapy.
We review the recent developments, ap-
plications, and outcomes of neoadjuvant
chemoradiation therapy in patients with
rectal cancer.

INITIAL USE OF RADIATION
THERAPY ALONE

Many early studies established that radia-
tion therapy lowered local recurrence rates
but did not improve survival. In the Vet-
erans Administration Surgical Oncology
Group trial, 20 Gy of preoperative radia-
tion therapy was used over 2 weeks to ir-
radiate patients who subsequently under-
went abdominoperineal resection.” These
patients had a higher 5-year survival rate

than their nonirradiated counterparts (47%
vs 34%), but this was not considered sta-
tistically significant. Irradiated patients also
had fewer positive lymph nodes in the sur-
gical specimen and a lower incidence of pel-
vic recurrence on postmortem examina-
tion. The Stockholm Rectal Cancer Study
Group demonstrated that patients receiv-
ing 25 Gy over 5 to 7 days preoperatively
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had fewer pelvic recurrences, but again no
improvement in overall survival was ob-
served.? Postoperative morbidity was sig-
nificantly higher in the irradiated patients
with a significantly higher postoperative
mortality rate compared with those in the
surgery alone group (8% vs 2%).
Improvement in survival has only been
reported in studies using higher dosages
of radiation. The Swedish Rectal Cancer
Trial found that high-dose preoperative ra-
diotherapy (5-Gy doses 5 times followed
by surgery within a week) decreased lo-
cal recurrence (11% vs 27%) with an im-
provement in the overall survival rate af-
ter radiation therapy and surgery compared
with patients who underwent surgery
alone (58% vs 48%).* The Dutch Colorec-
tal Cancer Group showed that preopera-
tive radiation therapy (25 Gy over 5 days)
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decreased the local recurrence rate in patients who un-
derwent total mesorectal excision but had no effect on
survival at 2-year follow-up.’

TIMING OF RADIATION THERAPY:
PREOPERATIVE VS POSTOPERATIVE

Many studies have focused on the timing of treatment.
Rectal cancers appear to be more responsive to preop-
erative as opposed to postoperative irradiation. Radia-
tion enteritis is more preventable when the bowel is more
mobile preoperatively. In addition, a distended bladder
during treatment can displace bowel out of the radia-
tion field. However, more accurate staging is possible if
patients are irradiated postoperatively. Radiation therapy
also can be limited to the areas of interest, limiting irra-
diation of bystander tissue. Frykholm et al® compared 2
groups of patients, one receiving a total of 25.5 Gy de-
livered preoperatively in 5 fractions over 5 to 7 days and
the other group receiving 60 Gy postoperatively over 6
weeks with a 1- to 2-week break after administration of
a dose of 40 Gy. The preoperative group had a local re-
currence rate of 13% compared with 22% in the postop-
erative group. The postoperative group also had a higher
incidence of late small-bowel obstruction, urinary tract
symptoms including radiation cystitis, and chronic skin
fibrosis. In summary, preoperative radiation therapy was
more effective and had fewer adverse effects than post-
operative radiation therapy.

DURATION OF TREATMENT

The length of radiation therapy varies widely based on a
patient’s geographic location. Radiation therapy can be
administered over 5 to 6 weeks, as is common in the
United States, or over 5 to 7 days, a modality frequently
found in Europe. A short course of radiation therapy is
obviously more convenient to patients and more eco-
nomical. The possible complications of short-course ra-
diation therapy can be significant. Early complications
include wound infections, wound dehiscence, and anas-
tomotic leak.’ Late effects, observed after 3 months, in-
clude higher rates of severe gastrointestinal, urologic, mus-
culoskeletal, and thromboembolic toxic side effects.”
Several studies have examined postoperative compli-
cations and survival rates with preoperative short-
course radiation therapy. A British Columbia study ex-
amined 63 patients receiving 25 Gy in 5 fractions over 1
week: 11 patients (17%) had postoperative complica-
tions, which included anastomotic leak (n=3), perineal
wound breakdown (n=3), fecal incontinence (n=2), rec-
tovaginal fistula (n=1), bowel obstruction (n=1), and
anastomotic stricture (n=1). Local recurrence occurred
in 3 patients (5%).® The 5-year recurrence-free survival
rate was 83% for stage I, 75% for stage II, and 62% for
stage III. Read et al® evaluated 260 preoperatively irra-
diated patients with rectal cancer and compared the out-
come in patients receiving either short-course irradia-
tion (20 Gy in 5 fractions), long-course irradiation (45
Gy in 25 fractions), or long-course irradiation with con-
comitant chemotherapy. A complete response (eg, no evi-
dence of residual tumor) was found in 5% of patients re-

ceiving short-course irradiation, in 4% of patients receiving
long-course irradiation, and in 8% of the combined che-
moradiation group. Tumor down-staging occurred in 42%
of patients receiving short-course irradiation compared
with 45% of long-course patients and 48% of the com-
bined chemoradiation group. Although the complica-
tion rates were similar in all groups, chemoradiation pa-
tients had the highest rates of toxic side effects (25%) and
short-course irradiation patients the lowest (0%). Short-
course irradiation appears to have similar clinical effi-
cacy and is associated with fewer adverse effects than long-
course irradiation.

CHEMORADIATION: RADIATION AND
CONCOMITANT CHEMOTHERAPY

Many studies have demonstrated improved survival and
decreased local recurrence with combined chemotherapy
and radiation therapy. The Gastrointestinal Tumor Study
Group showed that patients with stage Il and Il rectal can-
cer receiving pelvic irradiation (40-44 Gy), methyl lomus-
tine (methyl-CCNU), and 5-fluorouracil (5-FU) after sur-
gical resection had an improved survival rate and improved
local tumor control.'®!! Local recurrence was 24% in pa-
tients receiving no adjuvant therapy, 27% in patients re-
ceiving chemotherapy alone, 20% in patients receiving ra-
diation therapy alone, and 11% in patients receiving both
adjuvant therapies. The North Central Cancer Treatment
Group reported similar results.'?

Better functional results have been reported with pre-
operative as compared with postoperative chemoradia-
tion. Saito et al*® evaluated the postoperative genitouri-
nary function of 167 patients undergoing nerve-sparing
resections. Sixty of these 167 patients were treated with
tegafur (a 5-FU prodrug) suppositories and preopera-
tive irradiation (total dose of 42.6 Gy over 4 weeks), and
107 had nerve-sparing resection alone. The patients re-
ceiving chemoradiation plus nerve-sparing resection had
no significant difference in postoperative urinary func-
tion. Kollmorgen et al'* assessed long-term bowel func-
tion in patients receiving postoperative chemoradia-
tion. These patients were more likely to have clustering
of bowel movements and more bowel movements per day
on average than the surgery-only patients. Only 44% of
the chemoradiation patients had normal continence as
opposed to 93% of surgery-only patients. Most of the che-
moradiation patients (93%) reported bowel function sig-
nificantly different from preoperative function com-
pared with 61% of the surgery-only group. Postoperative
chemoradiation had significant detrimental effects on
bowel function.

Perhaps one of the largest studies comparing preop-
erative vs postoperative chemoradiation was recently pub-
lished by the German Rectal Cancer Study Group." Pa-
tients with clinical T3 or T4 or node-positive disease were
randomly assigned to receive either preoperative (n=421)
or postoperative (n=402) chemoradiation. The overall
5-year survival rates were 76% and 74%; the local recur-
rence rates, 6% and 13%; acute toxic effects, 27% and 40%;
and long-term toxic effects, 14% and 24%, respectively.
Importantly, there were no differences in postoperative
morbidity and mortality between groups.
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Table 1. Preoperative Chemoradiation and Pathologic Complete Response Rate

Time to

Patients, Radiation Radiation Operation Complete
Source Year No. Dose, Gy Duration, wk Chemotherapeutic After XRT, wk Response, %
Chen et al'® 1994 31 55.8 NA 5-FU 6-8 10
Rich et al'” 1995 77 45.0 5 5-FU 6 29
Grann et al'® 1997 32 50.4 5 5-FU, leucovorin 4-5 9
Willett et al"® 1998 103 45.0-50.0 5 5-FU 4-6 12
Onaitis et al?° 2001 141 45.0-50.4 ® 5-FU, cisplatin 4-8 24
Rullier et al*! 2001 43 50.0 45 5-FU 6 9
Dunst et al?? 2002 10 50.4 6 Capecitabine NA 10
Stein et al® 2003 33 45.0-54.0 5 Irinotecan, 5-FU 2 Groups: 4-8 and =2 21 and 14
Moore et al** 2003 94 50.4 5 5-FU, leucovorin 4-7 9

Abbreviations: 5-FU, 5-fluorouracil; NA, not available; XRT, radiation therapy.

Table 2. Surgical Options in Patients With Rectal Cancer

Cancer Location
Within Rectum

Upper third

Surgical Procedure

Anterior resection and colorectal anastomosis

Local excision using TEM

Low anterior resection and colorectal anastomosis

Low anterior resection and colopouch-rectal
anastomosis

Low anterior resection and coloplasty-rectal
anastomosis

Local excision with or without TEM

Abdominoperineal resection if sphincter incompetent

Ultra-low anterior resection and colorectal
anastomosis with or without colonic J-pouch

Local excision with or without TEM

Coloanal anastomosis with or without colonic
J-pouch

Coloplasty anal anastomosis

Abdominoperineal resection if sphincter incompetent
or inadequate distal margin

Middle third

Lower third

Abbreviation: TEM, transanal endoscopic microsurgery.

One of the most intriguing aspects of preoperative che-
moradiation is the concept of “NO” disease or “com-
plete pathologic response” without any evidence of re-
sidual malignant disease (Table 1). In one very unique
and somewhat controversial study, Habr-Gama et al®
compared the disease and clinical courses of 71 patients
with rectal cancer (27%) who were observed after com-
plete clinical response following chemoradiation with 22
patients (8%) who had incomplete clinical response af-
ter chemoradiation and who subsequently underwent sur-
gical resection and were found to have complete patho-
logic response in the resected specimen. No difference
was seen in the rate of local or systemic recurrences be-
tween the 2 patient groups. The overall and disease-free
10-year survival rates in these 2 groups were 98% and
84%, respectively.

NEOADJUVANT THERAPY
AND OPERATIVE TECHNIQUE

Neoadjuvant chemoradiation may often result in patho-
logic down-staging of the tumor and a decrease in tumor

bulk.?® This in turn allows for a higher likelihood of sphinc-
ter preservation.'” Traditionally, abdominoperineal resec-
tions have been performed in patients with cancers of the
lower third of the rectum within 5 cm of the dentate line
(Table 2). The anal sphincter, rectum, and distal sig-
moid are removed and an end-diverting colostomy is cre-
ated in this procedure. Currently, the only absolute indi-
cations for abdominoperineal resection have become
involvement of the anal sphincter with cancer and inabil-
ity to obtain a cancer-free margin. Patients with an incom-
petent anal sphincter or morbidly obese patients with a nar-
row pelvis may still require an abdominoperineal resection.?”

Preoperative chemoradiation may permit avoidance
of abdominoperineal resection by reducing tumor bulk.
Shumate et al*® demonstrated that sphincter-sparing pro-
cedures were performed more frequently in patients re-
ceiving preoperative irradiation. In another study, sphinc-
ter-sparing procedures were performed in patients with
T3 tumors an average of 4.5 cm from the anal verge 6
weeks following chemoradiation. Distal and radial mar-
gins were negative in 98% of patients, and down-
staging occurred in 42%. The survival and disease-free
rate was 85% at 3 years.”!

Sphincter preservation is further enhanced by obtain-
ing narrower distal margins following chemoradiation.
Moore et al** demonstrated no significant difference in
local recurrence or disease-free survival in patients with
2-cm distal margins vs 1-cm margins. Kuvshinoff et al*
reported that patients undergoing preoperative chemo-
radiation and sphincter-sparing surgery with distal mar-
gins of 1 cm or less had similar disease-free survival rates
compared with patients who underwent abdominoperi-
neal resection.

Improvement in the sphincter-sparing technique has
also reduced tumor recurrence. Inadequate lateral mar-
gins have been identified as an important cause of local
recurrence.” Total mesorectal excision (TME) involves
sharp dissection along the avascular plane of the endo-
pelvic fascia to excise the entire mesorectum intact.>* Me-
sorectum, rectum, and pelvic lymph nodes are removed
en masse, leaving clear margins and limiting possible seed-
ing of the tumor. With TME, local recurrence rates as
low as 4% have been reported.** Total mesorectal exci-
sion confers further benefit when combined with neo-
adjuvant therapy. Kapiteijn et al’ reported on 1861 pa-
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Figure 1. Schematic representations of “straight” coloanal anastomosis (A) (with permission from Corman ML, ed. Colon and Rectal Surgery, 4th ed. St Louis,
Mo: Lippincott Williams & Wilkins, 1998); colopouch rectal anastomosis (B); and coloplasty-anal anastomosis (C) (with permission from Cleveland Clinic

Foundation, ©CCF 1999).

tients who were randomly assigned to either TME and
preoperative radiotherapy (5 Gy in 5 fractions) or sur-
gery alone. The 2-year survival rate in each of these groups
was nearly equivalent (82% with combined therapy vs
81.8%). The 2-year rate of local recurrence in the com-
bined therapy group was 2.4% compared with 8.2% in
the surgery-alone group. Despite the decrease in local re-
currence from TME alone, preoperative radiation therapy
continues to confer benefit.

Controversy remains as to whether TME should be
used in all rectal cancers. The same is true for radiation
therapy. Some advocate that TME be applied to tumors
of the middle and lower rectum and not to the upper rec-
tum. Lopez-Kostner et al* investigated the treatment of
229 patients with tumors in the upper rectum (10-15 cm
from the anal verge), 437 in the lower rectum, and 275
in the sigmoid colon. Total mesorectal excision was used
in lower rectal tumors but not for sigmoid or upper rec-
tal tumors. The rate of combined local and distant re-
currence was 3.9% and 4.7% for sigmoid and upper rec-
tal tumors, respectively. This is compared with lower rectal
tumors, which had a recurrence rate of 12.9%. Patients
with upper rectal and sigmoid cancers had similar mor-
tality rates, which were also less than the mortality rates
in patients with lower rectal tumors.

CHOICE OF OPERATION

Whether or not TME is used, surgeons employing sphinc-
ter-sparing procedures have several options for recon-
struction following resection (Table 1).

Coloanal/Colopouch Anal Anastomosis

Coloanal anastomosis (Figure 1A) can be performed to
bring the proximal colon back into continuity with the
anus. Patients with “straight” coloanal anastomosis of-
ten complain of high stool frequency, urgency, and in-

continence. To avoid these problems, a colonic J-pouch
(Figure 1B) or coloplast (Figure 1C) can be created.’**°
Both involve constructing neorectal reservoirs for stool.
In coloplasty, a longitudinal colotomy is made 10 cm
proximal to the distal end of colon and then closed trans-
versely. A colonic J-pouch with 5- to 7-cm limbs is cre-
ated similarly to an ileal J-pouch. The functional results
of coloplasty and colonic J-pouch have been compared
with respect to postoperative manometry, compliance,
and stool frequency and have been found to be simi-
lar.*”*® Patients with a colonic J-pouch who underwent
preoperative irradiation were, however, more likely to
have nocturnal defecation (36% vs 15%) and diarrhea
(39% vs 13%). Sphincter-sparing procedures may re-
quire a diverting ileostomy if patients have risk factors
for impeded healing such as irradiation, immunosup-
pression, and/or malnutrition.

Local Excision

Local excision can be used in patients who are not likely
to tolerate general anesthetic or long procedures. Poste-
rior approaches, such as the transsphincteric (Mason) and
transsacral (Kraske) procedures, are largely unused. The
transanal approach causes less morbidity and allows faster
recovery. This was formerly restricted to tumors within
the reach of the surgeon’s finger. The development of
transanal endoscopic microsurgery, however, allows lo-
cal excision of tumors in the upper middle third and up-
per rectal cancers. Lev-Chelouche et al*® describe trans-
anal endoscopic microsurgery excision of tumors located
3 to 18 cm from the dentate line. Ideal patients for local
excision have mobile, exophytic, and well-differen-
tiated tumors with no lymphovascular invasion. Fre-
quently, endorectal ultrasound (Figure 2) is used to
evaluate the depth of invasion and any possible lympho-
vascular involvement. Chemoradiation is often used in
patients with T2 or T3 lesions. In patients with com-

(REPRINTED) ARCH SURG/VOL 141, DEC 2006

1249

WWW.ARCHSURG.COM

©2006 American Medical Association. All rights reserved.



~ ~-— o

Figure 2. Endorectal ultrasound illustrating rectal cancer invading beyond
the rectal wall into perirectal fat. This patient was treated with preoperative
radiation and chemotherapy and subsequently underwent colopouch anal

anastomosis. At the time of surgery, no residual tumor was present in the
resected specimen.

plete pathologic response to chemoradiation, local ex-
cision may be an effective surgical option.”” Garcia-
Aguilar and colleagues® reported an 18% local recurrence
rate in T1 lesions and a 37% recurrence rate in T2 le-
sions, which has dampened enthusiasm for local exci-
sion, particularly as subsequent salvage surgery is often
noncurative. Paty et al*! reported similar results with 10-
year local recurrence and survival rates of 17% and 74%
in T1 lesions and 26% and 72% in T2 lesions, respec-
tively. Patients receiving chemoradiation had similar out-
comes, but selection bias may exist.

TIMING OF SURGERY

The optimal timing between radiation therapy and sur-
gery has yet to be determined. In the Lyon R90-01 ran-
domized trial, 201 patients with stage T2 to T3 tumors
received preoperative radiation of 39 Gy in 13 frac-
tions.* One hundred two patients underwent surgery
within 2 weeks of completing radiation, whereas 99 pa-
tients had surgery 6 to 8 weeks after radiation therapy.
Long-interval patients had better clinical tumor re-
sponses as compared with short-interval patients (71.7%
vs 53.1%) and greater pathologic down-staging (26% vs
10.3%). No differences in survival, recurrence, or mor-
bidity rates were observed over the 33-month follow up.
Sphincter-preserving surgery was performed more fre-
quently in the long-interval group (76% vs 68%). In a
more recent study, 40 patients with rectal cancer re-
ceived preoperative radiation (45-54 Gy) with concomi-
tant 5-FU and irinotecan.” Patients were divided into 2
groups. One group underwent surgery 4 to 8 weeks af-
ter completion of radiation therapy, and the other group
underwent surgery 10 to 14 weeks after completion of
radiation therapy. Tumor down-staging was reported in
58% of the short-interval group compared with 43% in

the long-interval group. Nodal down-staging was simi-
larly found more frequently in the short interval group
(78% vs 67%). Although these differences did not reach
statistical significance, these results suggest that a longer
10- to 14-week interval between radiation and surgery
does not increase down-staging compared to shorter 4-
to 8-week interval. However, this study may not have had
the statistical power to note subtle differences. More study
in this area is clearly warranted.

MODE OF ADMINISTRATION AND TYPE
OF ADJUVANT CHEMOTHERAPY

5-Fluorouracil is the primary chemotherapeutic agent
used in neoadjuvant chemoradiation. This pyrimidine an-
tagonist resembles uracil. It inhibits thymidylate synthe-
tase and decreases de novo DNA synthesis and repair.
When 5-FU is incorporated into DNA, DNA strands are
more likely to break. The effects of 5-FU are further po-
tentiated by radiation therapy. Randomized trials have
shown that 5-FU and radiation therapy improve local con-
trol of tumor compared with either irradiation or che-
motherapy alone.*

5-Fluorouracil is often administered intravenously be-
cause it has variable oral bioavailability. In the Gastro-
intestinal Tumor Study Group trial and North Central
Cancer Treatment Group trials evaluating chemoradia-
tion, 5-FU was administered by intravenous bolus.'*!?
The improvement in survival rates reported in these trials
resulted in the recommendation of postoperative che-
moradiation by the National Institutes of Health in 1990.*
The drawback of 5-FU bolus therapy is the wide range
in plasma concentration of the drug because it is a bolus
and subsequently quickly metabolized. Attention then
turned to administration of 5-FU as a continuous infu-
sion to maintain a steady state plasma concentration.
O’Connell et al* demonstrated that continuous intrave-
nous infusion of 5-FU was associated with an increased
time of relapse and survival rates as compared with bo-
lus injections. The toxic effects from the modalities of
5-FU administration (diarrhea, stomatitis, nausea, vom-
iting, leukopenia, thrombocytopenia, dermatitis) were
evaluated as well. Severe diarrhea was more frequently
found with continuous infusion of 5-FU, and severe leu-
kopenia was more common with bolus injection.

Parenteral administration of 5-FU is inconvenient and
expensive because an infusion pump and intravenous ac-
cess are needed. For this reason, strides have been made
toward the development of oral fluoropyrimidine combi-
nations such as uracil/tegafur.** 5-Fluorouracil itself is
apoor candidate for oral administration because it is in-
consistently metabolized by dihydropyrimidine dehydro-
genase. A recent randomized, multicenter, phase 3 study
compared oral uracil/tegafur with oral leucovorin to in-
travenous bolus 5-FU and leucovorin in the treatment of
metastatic colorectal cancer.” The survival and overall re-
sponse rates were similar. Uracil/tegafur with leucovorin
had fewer adverse effects along with a decreased incidence
of diarrhea; nausea/vomiting; stomatitis; mucositis; and
most importantly, myelosuppression. Capecitabine (Xe-
loda; Hoffman-La Roche Inc, Nutley, NJ) is the first oral
fluoropyrimidine available in the United States, and it dif-
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fers from 5-FU with respect to tumor selectivity withamore
than 3-fold higher concentration within tumor than within
normal tissues.* The conversion of capecitabine to 5-FU
occurs within tumor cells. Several phase 3 trials have com-
pared capecitabine with bolus 5-FU plus leucovorin in pre-
viously untreated metastatic colorectal cancer and dem-
onstrated an equivalent overall survival rate and time to
disease progression. Hand-foot syndrome was found in pa-
tients treated with capecitabine; however, alower incidence
of neutropenia and stomatitis were also observed. The use
of such oral agents in conjunction with radiation could
have a major economic and quality-of-life advantage for
patients if shown to be as effective as intravenous admin-
istration in terms of tumor response and down-staging.
Suppository administration of 5-FU is another interest-
ing mode of administration. Although this has been used
clinically, it has not become popular in this country, but
ithasadvantages in terms of achieving high local concen-
trations and not requiring intravenous access.*®*

PREDICTING RESPONSE
TO NEOADJUVANT CHEMOTHERAPY

Many studies are focusing on thymidylate synthase (TS),
an enzyme essential for DNA synthesis, as a prognostic
factor to determining tumor response to chemotherapy.
Patients with high TS expression treated with 5-FU had
longer disease-free survival compared with patients with
low TS expression.” In metastatic disease, however, TS
expression in primary tumors seemed to have no pre-
dictive value in outcome or response to 5-FU.”!

The TS gene promoter has tandemly repeated se-
quences in the enhancer region. These tandemly re-
peated sequences vary in length, depending on a per-
son’s ethnicity. These polymorphisms in the tandemly
repeated sequence affect TS expression. Villafranca et al**
reported on 65 patients with rectal cancer receiving pre-
operative 5-FU-based chemoradiation. The pathologic
down-staging of the surgical specimen and patients’ TS
polymorphism were evaluated. Patients who were ho-
mozygous or heterozygous for TS double tandem re-
peats had a higher probability of tumor down-staging and
showed a trend toward an improved 3-year disease-free
survival rate. In another study, Ki-67 immunostaining
used as a marker of a tumor’s proliferative index was
higher in patients who were complete or partial respond-
ers following chemoradiation for rectal cancer than in pa-
tients who were nonresponders.”

Although chemotherapeutic agents such as 5-FU ra-
diosensitize tumors, they also radiosensitize normal tis-
sue and subsequently cause toxic effects with radiation
therapy. The discovery of radioprotectant agents that pro-
tect normal tissue from radiation hold promise for im-
proved chemoradiation therapy with fewer toxic ef-
fects. Agents such as amifostine (Ethyol; MedImmune Inc,
Gaithersburg, Md) appear to decrease toxic side effects
for cancers of the head and neck as well as lung cancer.
A study is being conducted on combining amifostine and
5-FU to minimize the effects of radiation therapy.”* A limi-
tation of such studies is clearly the desire to minimize
affecting the tumoricidal effects of chemoradiation while
maximizing the protective effect on normal tissue.

The development of intensity modulated radiation
therapy (IMRT) may further decrease radiation toxicity.
With this technology, radiation is delivered more pre-
cisely to the tumor with greater sparing of surrounding
normal tissues than with conventional external beam ra-
diation. Computers are used to optimize treatment fields
and conform radiation exposure to the location of the tu-
mor. In many cases, IMRT is delivered by conventional
linear accelerators equipped with multileaf collimators.”
Intensity modulated radiation therapy has been used to
treat central nervous system, head and neck, and prostate
cancers. Advantages of IMRT include the ability to treat
multiple targets simultaneously and the avoidance of ra-
diating normal areas.”> More than 40 studies are cur-
rently being conducted on the efficacy of neoadjuvant IMRT
and chemotherapy. A helical machine offers a more so-
phisticated delivery that is less time-intensive than con-
ventional IMRT. The tomotherapy unit is mounted on a
spiral computed tomographic ring gantry and combines
IMRT with computed tomographic imaging capability.”®

Many strides have been made in the treatment of ad-
vanced rectal cancer. Enhanced disease-free survival with
decreased local recurrence is clearly demonstrated with
preoperative chemoradiation. Recent developments in
both radiation and chemotherapy have reduced the toxic
effects of treatment. Further developments in the field
will continue to optimize tumor response and minimize
toxic effects and will perhaps allow us to better predict
which patients will benefit most from treatment.
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