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Abstract

Background—Preoperative radiation therapy with 5-fluorouracil chemotherapy is a standard of

care for cT3-4 rectal cancer. Studies incorporating additional cytotoxic agents demonstrate

increased morbidity with little benefit. We evaluate a template that: (1) includes the benefits of

preoperative radiation therapy on local response/control; (2) provides preoperative multidrug

chemotherapy; and (3) avoids the morbidity of concurrent radiation therapy and multidrug

chemotherapy.

Methods and Materials—Patients with cT3-4, any N, any M rectal cancer were eligible.

Patients were confirmed to be candidates for pelvic surgery, provided response was sufficient.

Preoperative treatment was 5 fractions radiation therapy (25 Gy to involved mesorectum, 20 Gy to

elective nodes), followed by 4 cycles of FOLFOX [5-fluorouracil, oxaliplatin, leucovorin].

Extirpative surgery was performed 4 to 9 weeks after preoperative chemotherapy. Postoperative

chemotherapy was at the discretion of the medical oncologist. The principal objectives were to

achieve T stage downstaging (ypT < cT) and preoperative grade 3+ gastrointestinal morbidity

equal to or better than that of historical controls.

Results—76 evaluable cases included 7 cT4 and 69 cT3; 59 (78%) cN+, and 7 cM1. Grade 3

preoperative GI morbidity occurred in 7 cases (9%) (no grade 4 or 5). Sphincter-preserving

surgery was performed on 57 (75%) patients. At surgery, 53 patients (70%) had ypT0-2 residual
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disease, including 21 (28%) ypT0 and 19 (25%) ypT0N0 (complete response); 24 (32%) were ypN

+. At 30 months, local control for all evaluable cases and freedom from disease for M0 evaluable

cases were, respectively, 95% (95% confidence interval [CI]: 89%–100%) and 87% (95% CI:

76%–98%). Cases were subanalyzed by whether disease met requirements for the recently

activated PROSPECT trial for intermediate-risk rectal cancer. Thirty-eight patients met

PROSPECT eligibility and achieved 16 ypT0 (42%), 15 ypT0N0 (39%), and 33 ypT0-2 (87%).

Conclusion—This regimen achieved response and morbidity rates that compare favorably with

those of conventionally fractionated radiation therapy and concurrent chemotherapy.

Introduction

For clinical T3 or T4 rectal cancer, preoperative radiation therapy has been established as a

standard of care. Randomized trials have established that preoperative radiation therapy

provides significantly better locoregional control than surgery alone or surgery followed by

postoperative radiation therapy (1–5).

In the late 1980s and early 1990s, it was also established that adjunctive chemotherapy

significantly improved disease-free survival for rectal cancer. At that time, chemotherapy

consisted of 5-fluorouracil (5FU) either alone or with a modifier. Radiation therapy has

remained a component of treatment for patients with stage II or III rectal cancer, with phase

3 trials confirming that locoregional control is improved by adding radiation therapy to

surgery and chemotherapy (6–9).

Cooperative group and single-institution studies have confirmed that the addition of

concurrent 5FU (or a similar fluoropyrimidine) to conventionally fractionated preoperative

radiation therapy significantly improves response rate (~10% to 15% by several different

measures) and, to a lesser extent (~5%), locoregional control over preoperative radiation

therapy alone (3, 4, 10, 11). The concurrent 5FU increased acute nonhematologic morbidity;

however, it remained at an acceptable level of ~10% to 15%.

A frequently used sequence for clinical stage II or III rectal cancer is 45 to 50 Gy in 25 to 28

fractions (with concurrent 5FU) followed after ~4 to 8 weeks by extirpative surgery and then

adjuvant chemotherapy. Postoperative chemotherapy is delayed by over 3 months in this

sequence. With such an approach, locoregional control is over 90%, and freedom from

disease relapse is ~60% to 70% (3–5, 10, 11), although subgroups with good and poor

prognosis can be identified (10, 11).

Inasmuch as the greatest risk is the development of extrapelvic metastases, strategies to

incorporate more effective systemic chemotherapy have been evaluated in several studies

(12–14), adding either concurrent oxaliplatin (15, 16) or irinotecan (16–18) to preoperative

5FU/radiation therapy. However, the addition of these agents to standard 5FU/radiation

therapy was associated with similar response and disease control rates and with a >30%

higher incidence of grade 3 to 4 nonhematologic toxicities, twice the incidence for

conventional 5FU/radiation therapy.
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The potential downside to concurrent radiation therapy and multidrug chemotherapy is that

the simultaneous chemotherapy may unduly enhance radiation injury to normal tissue. If

toxicity is excessive, it might be better to give the modalities sequentially instead of

concurrently.

With these concerns in mind, we initiated an institutional review board-approved, phase 2

study evaluating a preoperative regimen satisfying 3 constraints:

1. Radiation therapy delivered at doses and with sufficient time before surgery to

elicit a tumor response.

2. Administer standard multidrug chemotherapy between the radiation therapy and

surgery, but with sufficient time between modalities to avoid overlapping toxicities.

3. Preserve the interval between start of preoperative therapy and surgery at

approximately 3 to 4 months.

The sequence of modalities in this trial was as follows:

1. Short-course pelvic radiation therapy, 5 fractions over 1 week.

2. Four cycles of every-other-week FOLFOX [5-fluorouracil, oxaliplatin, leucovorin]

chemotherapy, beginning 2 weeks after completion of radiation therapy (details

below).

3. Extirpative surgery 4 to 9 weeks after completion of chemotherapy.

4. Postoperative chemotherapy at the discretion of the treating medical oncologist. An

additional 6 to 8 cycles of FOLFOX was recommended.

The primary objectives were as follows:

1. Demonstrate that this regimen will elicit a rate of T stage downstaging comparable

to or better than seen with prolonged-course preoperative radiation therapy and

chemotherapy. T stage downstaging is defined as clinical pretreatment American

Joint Committee on Cancer (19) T stage (cT) being greater than pathologic T stage

at surgery (ypT).

2. Demonstrate that this regimen will lead to preoperative gastrointestinal (GI)

morbidity comparable to or better than seen with prolonged-course preoperative

radiation therapy and chemotherapy.

Five-fraction radiation therapy has a long track record as a preoperative regimen, but usually

with surgery immediately after radiation therapy (1, 2, 20–23). There have, however, been

reports indicating that if surgery is delayed, tumors will respond about as much as they

would to conventionally fractionated radiation therapy (24, 25). More recently, trials in the

Netherlands (26) and Poland (27) have piloted regimens similar to ours.

Our selected interval between short-course pelvic radiation therapy and multidrug

chemotherapy was informed by prior experience with a 5-fraction course of external beam

radiation therapy followed 6–10 weeks later by endocavitary radiation therapy (28, 29).
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Typically, any acute proctitis would peak about 1 week after the external beam radiation

therapy and resolve within a few days.

For these reasons, we decided that the planned regimen would be likely to achieve response

rates comparable with those of conventionally fractionated radiation therapy with concurrent

5FU. The trial included mandatory interim evaluations to make certain that adequate

response rates were being achieved. Response served not just as a short-term surrogate for

local control (LC) (30) but also as an important endpoint in itself, because we wished to

apply this regimen to all clinical T3 or T4 tumors, not just the readily resectable ones.

Methods and Materials

Eligibility and assessments

All protocol-mandated treatment was delivered at the Siteman Cancer Center of the

Washington University School of Medicine. Because postoperative chemotherapy was

neither mandated by protocol nor germane to the primary objectives, patients from outside

facilities were allowed to receive postoperative chemotherapy with their outside medical

oncologists, with suggestions from the Washington University oncologist. Eligible patients

had biopsy-proven cT3 or cT4 rectal adenocarcinoma, were evaluated by a surgeon, and

(assuming adequate response to preoperative treatment) were deemed candidates for

extirpative surgery and medically fit for chemotherapy. Children, patients with other

malignancies, and patients unable to give consent or tolerate chemotherapy or surgery were

excluded. Patients with distant metastatic disease were eligible, provided they had an

estimated survival of at least a year and were pelvic surgery candidates. Clinical evidence of

T stage could be based on physical examination (lesion tethered to palpation), transrectal

ultrasound (TRUS), magnetic resonance imaging (MRI), or computerized tomography (CT).

Although TRUS or MRI was strongly recommended, assessment of clinical T stage on the

basis of physical findings was allowed to avoid selecting a cohort with less advanced

disease; very advanced lesions often cannot be traversed by the rigid ultrasound probe, and

T stage is often difficult to assess by MRI for distally located tumors.

Pretreatment staging procedures included physical examination, CT or MRI of the abdomen

and pelvis, chest imaging (chest x-ray or CT or 18F-fluorodeoxyglucose positron emission

tomography). Complete colonoscopy or barium enema was required when feasible. For

patients with partially obstructing tumors, evaluation of the large bowel proximal to the

tumor could be deferred until just before surgery, provided there was no suggestion of a

second colonic neoplasm in the other imaging studies. After treatment, follow-up was with

physical examination and laboratory studies every 3 months for the first year and every 6

months thereafter. CT scan of the trunk was performed at least annually.

Treatment

The radiation therapy regimen consisted of 5 fractions delivered over 5 to 7 days with

intensity modulated radiation therapy using 6- to 18-MV photons. All treatments were

guided by daily orthogonal kilovoltage images and cone beam CT scans. The planning target

volume (PTV) margin was 0.5 cm. There were 2 nested target volumes receiving a total of
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20 and 25 Gy in the same 5 fractions. The clinical target volume 20 Gy (CTV20Gy) was an

elective nodal target volume defined by the Radiation Therapy Oncology Group (RTOG)

guidelines (31). CTV25Gy included the rectum and the mesorectal compartment over the

length of involved rectum with a 1-cm margin cephalad and caudad. If CTV25Gy extended

into the distal rectum, its lateral borders included the full thickness of the sphincteric

musculature. Any clinically positive nodal regions within the pelvis were also included

within CTV25Gy, including the mesorectum with involved perirectal nodes. If involved

perirectal nodes continued more than 1 cm cephalad or caudad to the primary tumor, then

the mesorectal coverage was appropriately extended. The 2-tiered dose scheme was chosen

in an effort to limit the risk of radiation injury, given that our patients would also be

receiving aggressive preoperative chemotherapy. The elective nodal dose was based on prior

reports of 20 Gy in 5 fractions as an immediate preoperative regimen for patients with

readily resectable lesions (20, 28, 29). The majority of these patients had ypT3 or ypN+

disease and received no further radiation therapy, but still achieved excellent local and

overall disease control. Because the present study included patients with a need for

downstaging, we opted to treat involved mesorectum and nodes to the higher dose of 25 Gy,

which has been used in Northern European trials (1, 2, 21–27).

It was required that at least 95% of the PTV be covered by 95% of the prescription dose.

Maximum allowed dose was 115% of prescription. Examples of PTV20Gy and PTV25Gy

are shown in Figure 1.

Normal tissue constraints were that small bowel be kept below an absolute maximum of 25

Gy and that volume at or above 20 Gy (V20Gy) be kept as small as possible for small bowel

(preferably <50 cc), uninvolved large bowel (defined as large bowel lying outside

CTV20Gy), and femoral heads. Bowel was contoured tightly, as described in the RTOG

normal tissue guidelines (32).

Standard chemotherapy with FOLFOX was initiated 9 to 12 working days after the

completion of radiation therapy. Chemotherapy doses were as follows: oxaliplatin 85 mg/m2

intravenous (IV) with leucovorin 400 mg/m2 IV over 2 hours, 5FU IV bolus 400 mg/m2

followed by 5FU continuous infusion 2400 mg/m2 over 46 hours. One cycle was every 2

weeks for a total of 4 cycles. Standard dose modifications for FOLFOX were used. To avoid

unlimited delays, the protocol mandated that if toxicity-mediated delays exceeded 3 weeks,

the surgeon, the medical oncologist, and the radiation oncologist were required to reappraise

the case and decide whether it would be best to proceed to surgery without further delay or

to complete the full course of preoperative chemotherapy.

Statistics

The overall accrual objective was set at 80 cases, provided that at most 10% of cases were

inevaluable. Assuming a target T stage downstaging rate of 65%, 72 evaluable cases would

allow a 90% power at a significance level of 0.1 using a binomial noninferiority test with a

noninferiority margin of 15% (33). The protocol required interim analyses after 25 and 50

evaluable cases. Stopping criteria were: (1) if the observed rate of T stage downstaging was

unlikely to be consistent with a true rate of ≥50%; or (2) if the rate of grade 3 or higher GI

toxicity was incompatible with a true rate of ≤20%. For protocol purposes, episodes of
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stomatitis, gastritis, and hepatopathy, although tracked, did not contribute to the second

stopping criterion because they could not be attributed to pelvic radiation therapy.

Results

Patient characteristics

Between November 2009 and April 2012, 181 patients underwent radiation therapy for

rectal cancer. Eighty met protocol eligibility and consented to be enrolled. Of these, 1

patient was inevaluable for both primary objectives because the patient withdrew consent

after completing radiation therapy, refused chemotherapy, and underwent R0 resection of a

ypT3N0 lesion 7 weeks after radiation therapy with no acute morbidity. Three other patients

were inevaluable for response at surgery but are included in the review of preoperative

treatment delivery and morbidity: 1 experienced a new medical condition, which rendered

him medically unfit for extirpative surgery; 1 patient with cM1 disease experienced

progression of extrapelvic disease (with radiographs showing pelvic response) and

proceeded to second-line chemotherapy; and 1 patient (also with pelvic response)

experienced complications of sepsis after 4 cycles of FOLFOX and never underwent

surgery.

The characteristics of the 76 fully evaluable patients are presented in Table 1; 69 (91%) of

the patients had clinical T3 tumors, and the remaining 7 (9%) patients had cT4; 59 (78%)

tumors were cN+ and 7 (9%) were cM1. TRUS was performed on 45 patients, pelvic MRI

on 37 patients, and neither on 9 patients.

Table 1 also presents the distribution of cases by 2 potential prognostic groupings. Half (38

of 76) of evaluable patients had pelvic disease that would have been eligible for the recently

activated PROSPECT trial (N1048): tumors at least 5 cm above the verge, cT Stage < cT4,

nodal stage < cN2, and no disease within 3 mm of the mesorectal fascia. We also

characterized local presentations by a clinical scoring system previously reported (11). The

clinical score (CS) is a 3-level scheme (CS0–CS2) based on physical findings and

summarized in Table 1. The distribution of clinical scores in the present study is slightly

more advanced than historical controls of 57% CS1 and 13% CS2 (11). It should also be

noted that the 9 patients who did not undergo TRUS or MRI had more advanced lesions than

the overall cohort with 7 (78%) PROSPECT ineligible, 4 (44%) CS2 and no CS0.

Treatment delivery

All patients completed radiation therapy without interruption. All dose reductions or delays

of preoperative chemotherapy were protocol mandated for morbidity and are reviewed in

Table 2. All but 4 of the 76 evaluable patients received 4 cycles of chemotherapy

preoperatively. One patient was still deemed unresectable after 4 cycles of FOLFOX; the

treating physicians and the principal investigator opted for an additional 4 cycles of

FOLFOX plus bevacizumab, after which the patient underwent a R1 resection of ypT4 ypN0

residual disease. Three patients (all downstaged) received 2 cycles of preoperative

chemotherapy because of chemotherapy toxicity.
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The 76 evaluable patients underwent extirpative surgery. Sphincter-preserving surgery was

performed on 57 (75%) patients (all but 1 located ≥5 cm from the verge), the remainder (all

but 1 at < 5 cm) underwent abdominoperiteal resection. Four (5%) of the patients who

underwent resection had microscopically positive or close (<1-mm) margins (R1). The

frequency of R1 resections is comparable to our historical controls of 7% (11). Three of the

R1 resection patients had CS2. All of the patients with R1 resections would have been

PROSPECT ineligible. Although it was not mandatory, all but 2 of the evaluable patients

received post-operative chemotherapy, and of these, all but 9 received additional FOLFOX.

Response

Table 3 gives the details of pathologic findings. There were a total of 21 (28%) ypT0

(including 19 [25%] ypT0N0—complete response), and overall, 53 (70%) of the patients

were ypT0-2. Including 1 cT4 to ypT3 case, the overall T stage downstaging rate was 71%.

Twenty-four (32%) of the patients had residual nodal involvement (ypN+) compared with

59 (78%) initially cN+. It should be noted that the 67 patients who underwent MRI and/or

TRUS had a T stage response of 51 (76%) ypT0-2 and 20 (30%) ypT0. Table 3 also shows

that lower clinical score and PROSPECT eligibility both correlated with response. The 38

PROSPECT eligible patients were particularly responsive, with 16 (42%) ypT0, 15 (39%)

ypT0N0, and 33 (87%) ypT0-2 (vs PROSPECT ineligible: P = .009, .004, and .002,

respectively).

Outcome

To date, the evaluable patients have been followed up for an average of 26 ± 8 months.

There have been 3 deaths (2 resulting from disease and 1 from a late perforation), 3 local

failures (2 occurring in cM1 patients with R1 resections), and (among M0 patients) 5

extrapelvic failures. Figure 2 shows Kaplan-Meier (19) projections of LC (for the 76

evaluable patients) and freedom from disease relapse (FFR) (for 69 cM0 evaluable patients).

At last event, LC is 95% (95% confidence interval [CI]: 89%–100%) and FFR is 87% (95%

CI: 76%–98%) (Systat version 8.0, SPSS Inc, Chicago).

Tolerance

The preoperative morbidity among the 79 patients who received preoperative treatment

according to the protocol is summarized in Table 4. Overall, 16 (20%) experienced

nonhematologic grade ≥3 preoperative morbidity (including 2 with grade 4). These included

7 (9%) with grade 3 GI morbidity with no higher grade. Preoperative grade ≥3 hematologic

morbidity occurred in 21 (27%) patients, including 10 (13%) with grade 4. After the

completion of all treatment (including postoperative chemotherapy) there have been 21

patients with late grade ≥3 morbidities, including 1 fatality: perforation with peritonitis 3

months after the completion of chemotherapy and ileostomy takedown. Eight of the

remaining late events are unrelated to radiation therapy (peripheral neuropathy, renal failure,

delayed anterior abdominal wound healing involving unirradiated tissue) and 13 are

potentially related (small bowel obstruction managed conservatively, abscess, pain, urinary

stricture, symptomatic bone injury).
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Discussion

This trial sought to evaluate a template in which patients receive both multidrug

chemotherapy and preoperative radiation therapy with sufficient time for tumor response/

downstaging before surgery. The use of short-course radiation therapy before chemotherapy

was intended to avoid delaying surgery substantially beyond when it occurs with

preoperative long-course radiation therapy and concurrent single-drug chemotherapy.

The long-term hope is that, as Figure 2 suggests, this regimen will achieve excellent FFR

(by initiating multidrug chemotherapy early in the course of treatment) while retaining the

level of LC of long-course radiation therapy with 5FU. The immediate objectives were to

demonstrate acceptable response rates and toxicity. In this regard, the overall response, by

several measures, was good: 28% ypT0, 70% ypT0-2, 71% T stage downstaging, 25%

ypT0N0. The response rate seen in our trial is comparable with that reported by Garcia-

Aguilar et al (34) in the third arm of a prospective trial evaluating prolonged-course

radiation therapy followed by 0, 2, and 4 cycles of FOLFOX. Both response and

preoperative GI morbiditity (9% grade 3) compare well with historical controls (3–5, 10, 11,

15–19). GI morbidity was substantially better than when 2 cytotoxic drugs are attempted

concurrently with radiation therapy (15–19). Groups in the Netherlands and Poland have

independently developed similar regimens, with results comparable to ours (26, 27).

We note that patients who would have been eligible for the recently activated PROSPECT

trial had an excellent response: 42% ypT0, 87% ypT0-2, 39% ypT0N0, 100% R0 resections.

The PROSPECT trial (N1048) is being conducted in North America and compares

preoperative FOLFOX with no radiation therapy (unless tumor progresses locally) versus

conventionally fractionated preoperative radiation therapy with concurrent 5FU (with

FOLFOX postoperatively). A potential future conundrum is what to do if the no radiation

therapy arm of this trial shows superior extrapelvic control but inferior LC. If this is

demonstrated and the response rate is less than that of the present study, then a regimen like

ours would be a potential arm of a successor study.

For the more advanced PROSPECT-ineligible cases, there is another recently activated

international trial. The RAPIDO (Rectal cancer and pre-operative Induction therapy

followed by dedicated operation) trial is being conducted in Europe and compares the Dutch

regimen—25 Gy in 5 fractions followed by capecitabine/oxaliplatin (26)—with

conventionally fractionated radiation therapy with capecitabine. The RAPIDO trial’s

eligibility complements the PROSPECT trial: patients must have cT4 disease or mesorectal

fascia involvement or vascular involvement or N2 disease. There are subtle differences in

radiation therapy target volume definitions from our study, including our use of a lower-

dose elective nodal volume (PTV20Gy) and our routine coverage of the internal iliac region

(to at least 20 Gy). These small differences may be worth revisiting, depending on morbidity

and disease control in the RAPIDO trial.

Patients with CS2 lesions achieved significantly inferior T stage downstaging (Table 3) and

had 3 of 4 R1 resections. They might be candidates for a clinical trial evaluating intensified

preoperative treatment.
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Summary

A regimen of 5 fractions of pelvic radiation therapy followed by 4 cycles of FOLFOX [5-

fluorouracil, oxaliplatin, leucovorin] was evaluated as a preoperative regimen for cT3-4

rectal cancer in a prospective phase 2 trial. Response rates, morbidity, and disease control

compare favorably with those of historical controls.
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Fig. 1.
Planning target volume (PTV) 20 Gy (light blue) and PTV 25 Gy (dark blue) with isodose

distributions for a typical case.
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Fig. 2.
Local control (LC) and freedom from disease relapse (FFR) by Kaplan-Meier method. LC is

for the 76 evaluable cases; FFR for the 69 cM0 evaluable cases. Probabilities after last event

are LC 95% (95% CI: 89%–100%) and FFR 87% (95% CI: 76%–98%).
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Table 1

Characteristics of 76 evaluable patients

Characteristics Total = 76 cases

Age 56.4 ± 1.3 years

Sex

  Male 54 (71%)

  Female 22 (29%)

Clinical T stage

  cT3 69 (91%)

  cT4 7 (9%)

Clinical N stage

  cN0 17 (22%)

  cN+ 59 (78%)

Clinical M stage

  cM0 69 (91%)

  cM1 7 (9%)

Staging pelvic disease includes

  Transrectal ultrasound (TRUS) 45

  Magnetic resonance imaging (MRI) 37

  Both TRUS and MRI 15

  Neither (CT and clinical findings only) 9

PROSPECT eligible?*

  Y 38 (50%)

  N 38 (50%)

Clinical score†

  CS0 18 (24%)

  CS1 48 (63%)

  CS2 10 (13%)

Abbreviations: CT = computed tomography; 5FU = 5-fluorouracil; RT = radiation therapy.

*
Clinical score (CS) based on 4 adverse pretreatment findings: site <5 cm from verge, tethered or fixed to palpation, circumferential, near

obstructing. CS0: 0 adverse factors; CS1: 1or 2 adverse factors; CS2: 3 or 4 adverse factors.

†
PROSPECT eligible: disease extent eligible for recently activated (N1048) trial (comparing preoperative RT+5FU vs FOLFOX): location at ≥5

cm, no disease ≤3 mm from mesorectal fascia, and cT <cT4.
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Table 2

Preoperative chemotherapy delivery*

Preoperative chemotherapy timing and delivery

Target interval
(weeks)

Achieved
interval
(weeks)

average ± SD
Number of
cases, %

Onset of chemotherapy†

  Interval from last radiation treatment to day 1, cycle 1 of chemotherapy 1.6–2.6 2.3 ± 0.6 2 (2.5%)‡

    Number of cases delayed ≥2 weeks beyond target‡

Delivery of chemotherapy†

  Duration: Interval from day 1, cycle 1 to day 1, last cycle chemotherapy 6 6.4 ± 1.2 9 (12%)§

    Number of cases delayed ≥2 weeks beyond target duration

  Dose: Number of cases with chemotherapy dose reduction 19 (24%)

  Number of cases with dose reduction and/or any delay (1 week delay alone allowed
for first instance of grade 3 neutropenia)

35 (44%)

Timing of surgery‖

  Interval from day 1, last cycle chemotherapy to surgery 4–9 7.7 ± 2.8 4 (5%)§

    Number of cases delayed ≥2 weeks beyond target from last cycle chemotherapy to
surgery

  Interval from day 1 radiation therapy to surgery 13–18 17.3 ± 2.9 8 (11%)§

    Number of cases delayed ≥2 weeks beyond target from day 1 radiation therapy to
surgery

*
All dose reductions or delays were caused by morbidity and were required by protocol.

†
Number of evaluable patients for chemotherapy delivery = 79 (see text).

‡
Neither instance of delayed chemotherapy was caused by radiation therapy morbidity. One case was delayed by port site infection. Another case

was delayed for the patient to recover after coronary stent placement (asymptomatic cardiac disease, detected on stress test).

§
Includes 1 patient who completed 4 cycles of full-dose FOLFOX (5-fluorouracil, oxaliplatin, leucovorin) on schedule, was found to still have

unresectable disease, and therefore received additional chemotherapy before undergoing surgery (see text).

‖
Number of evaluable patients for surgery = 76 (see text).
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Table 3

Comparison of pretreatment clinical T stage (cT) with pathologic stage at extirpative surgery (ypT) for 76

evaluable cases.

Group\Number n ypT0 ypT0-2

All 76 21 (28%) 53 (70%)

cT stage

  cT3 69 20 (29%) 49 (71%)

  cT4 7 1 (14%) P=NS 4 (57%) P=NS

Interval from day 1 radiation therapy to surgery

  ≤17 weeks 35 10 (29%) 26 (74%)

  >17 weeks 41 11 (27%) P=NS 27 (66%) P=NS

PROSPECT eligible?*

  Y 38 16 (42%) 33 (87%)

  N 38 5 (13%) P=.009 20 (53%) P=.002

Clinical score‡

  0 18 7 (39%) 16 (89%)

  1 48 13 (27%) 35 (73%)

  2 10 1 (10%) P=NS 2 (20%) P=.0008 CS2 vs CS0,1

Statistical significance estimated by Fisher exact test.

*
PROSPECT eligible: disease extent eligible for recently activated (N1048) trial (comparing preoperative RT+5FU vs FOLFOX): location at ≥5

cm, no disease ≤3 mm from mesorectal fascia, and cT <cT4.

‡
Clinical score (CS) based on 4 adverse pretreatment findings: site <5 cm from verge, tethered or fixed to palpation, circumferential, near

obstructing. CS0: 0 adverse factors; CS1: 1or 2 adverse factors; CS2: 3 or 4 adverse factors.
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Table 4

Incidence of preoperative morbidities among 79 patients who received preoperative treatment per protocol

(see text)*

Grade 3+ preoperative
morbidity/number
(of 79 cases) Grade 3 Grade 4 Grade 5

All nonhematologic (including GI) 14 (18%)† 2 (3%) 0

Gastrointestinal 7 (9%)† 0 0

Hematologic 11 (14%) 10 (13%) 0

Abbreviation: GI = gastrointestinal.

*
The number of cases (19) with chemotherapy dose reductions in Table 2 is less than the total incidence of grade 3 or 4 morbidity because the first

instance of grade 3 neutropenia could be managed with a 1 week delay (per protocol) and because some instances developed after the last cycle of
preoperative chemotherapy.

†
Includes 1 grade 3 GI (dehydration) after radiation therapy (chemotherapy not delayed) and 1 grade 3 radiation dermatitis (chemotherapy delayed

1 week).
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