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Rectal Cancer: Time for Precision Medicine?
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Thirty years ago, the National Surgical Adjuvant Breast

and Bowel Project (NSABP) RO1 study was published: a

landmark randomized trial demonstrating a rather

remarkable reduction in local recurrence from 25 to 16 %

when pelvic radiation was added to the treatment regimen

of rectal cancer.1 These findings ushered in the modern era

of multimodality therapy for rectal cancer including

chemotherapy, radiation and surgery. Current local recur-

rence rates following combined modality therapy for rectal

cancer are now routinely reported to be less than 10 %. In

spite of the impressive results with multimodality therapy,

our colleagues in Heidelberg argue in this issue of Annals

of Surgical Oncology that radiation, one of the components

of multimodality therapy, can be safely eliminated in a

significant proportion of locally advanced (American Joint

Committee on Cancer T3/4 or N1/2) rectal cancer patients.

Is this sensible? What is the rationale for deviation from

chemotherapy, radiation and surgery in the treatment of

advanced rectal cancer patients?

Let us take a step back, and review the justification for

the current multimodality treatment of patients with stage

II (T3/T4N0) and stage III (TanyN1/N2) rectal cancer. The

current standard includes chemoradiation, total mesorectal

excision (TME), and adjuvant systemic chemotherapy. The

primary goal of pelvic radiation is to prevent local recur-

rence and, in some cases, convert a patient from requiring

abdominoperineal resection to a sphincter-sparing low

anterior resection. The primary rationale for systemic

chemotherapy is to reduce the risk of distant recurrence.

With multiple publications demonstrating excellent onco-

logic outcomes, single-digit local recurrence rates, and a

decreasing rate of abdominoperineal resection, trimodality

therapy has gained widespread acceptance in the United

States and many parts of the world.1–6

Why, then, should this standard be challenged? Critics

have argued that stage II and stage III rectal cancer should

not be treated as homogeneous groups, as there is growing

evidence that not all such patients are high-risk. In addi-

tion, some are at higher risk for distant, rather than local,

recurrence. Thus, treating all stage II and III rectal cancer

patients with chemotherapy, radiation and surgery exposes

many to unnecessary treatment-related toxicity and delays

systemic chemotherapy in those at highest risk for distant

relapse.

Gunderson and colleagues have shown that the risk of

local recurrence in patients with rectal cancer can be

stratifıed by T and N stage using an aggregation of data

from several phase III North American rectal cancer

adjuvant trials (NCCTG 794751, NCCTG 864751, and

U.S. GI Intergroup 0114).7 TN stage was categorized

according to risk of recurrence: low (T1/2N0), intermediate

(T1/2N1, T3N0), moderately high (T1/2N2, T3N1, T4N0),

and high (T3N2, T4N1/2). Patients with intermediate-risk

tumors had better outcomes than patients with moderately

high and high-risk tumors, including lower rates of local

recurrence (6–8 % vs. 8–15 % and 15–22 %, respectively)

and improved overall survival (74–81 % vs. 61–69 % and

33–48 %).7 These data suggest that routine adjuvant radi-

ation therapy may not be required for intermediate-risk

tumors (T1/2N1 or T3N0) when TME with negative radial

margins has been performed. The fınal analysis of the

Intergroup 0114 trial reported similar fındings.8 A second

pooled analysis attempted to dissect the effect of treatment

on outcome.9 Data from fıve phase III North American

rectal cancer trials conducted over a 13-year period

(NSABP R01, NSABP R02, NCCTG 794751, NCCTG

864751, and U.S. GI Intergroup 0114) were aggregated,
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and the subsequent analysis compared outcomes of 3,791

patients according to TN stage and various treatment reg-

imens: surgery alone (179 patients), surgery and radiation

(281 patients), surgery and chemoradiotherapy (2,799

patients), or surgery and chemotherapy (532 patients). In

the setting of intermediate-risk tumors (T1/2N1 and T3N0),

no additional benefıt in disease-free survival or overall

survival was observed when radiation was added to

chemotherapy after surgery. These analyses demonstrate

heterogeneity in the risk of local recurrence, and provide a

rationale for individualizing treatment.

Even in the setting of modern rectal cancer staging,

there is a risk of overtreatment based on overstaging. This

has been demonstrated by the German CAO/ARO/AIO 94

trial, which compared preoperative to postoperative long-

course chemoradiotherapy for clinical stage II and III rectal

cancer.10 The preoperative treatment group demonstrated a

statistically significant decrease in local recurrence rates

after 5 years, without a difference in rates of distant

metastasis. Additional benefits of preoperative versus

postoperative chemoradiation included a significant

decrease in short-term and long-term toxicity. The inci-

dence of Grade 3 or higher toxicity was reduced from 40 %

in the postoperative group to 27 % in the preoperative

group (p = 0.001). In this study, overtreatment and errors

in clinical staging could be assessed since one cohort went

directly to surgery. In total, 18 % of patients in the post-

operative chemoradiation group that went immediately to

surgery had pathologic stage I disease, indicating a limi-

tation in preoperative imaging and overtreatment for a

significant proportion of patients.

Another rationale for reassessing reflexive neoadjuvant

therapy is improved surgery. Anatomic, or mesorectal,

excision is now widely adopted. With removal of the rec-

tum together with its cylindrical mesentery and associated

nodal tissue by precise and sharp dissection between the

visceral and parietal layers of the endopelvic fascia, total

mesorectal excision ensures complete removal of all

locoregional lymph nodes, while maintaining negative

circumferential radial margin, minimizing blood loss, and

preserving the autonomic pelvic nerves. Although no

prospective randomized trial has compared total mesorectal

excision with conventional proctectomy, numerous retro-

spective and cohort studies demonstrate excellent local

recurrence-free survival in patients undergoing proper

rectal cancer surgery.11–13

Early rectal cancer trials demonstrating improvement

with radiation were performed before total mesorectal

excision became the standard.14,15 The Dutch trial, pub-

lished in 2001, was the fırst study to integrate standard

surgery into a control arm, and underscored the importance

of high-quality surgical technique. This trial compared the

combination of preoperative radiation therapy and total

mesorectal excision to mesorectal excision alone, demon-

strating a signifıcant (p\ 0.001) decrease in local

recurrence in patients receiving preoperative short-course

radiation. Critics have argued that, although the quality of

surgery was controlled, up to one-quarter of patients had

inadequate mesorectal excision on pathologic analysis,

resulting in a signifıcantly worse outcome (p\ 0.02).16

Long-term follow-up demonstrated that certain patient sub-

groups—those with node involvement, negative CRMS,

and/or low-lying tumors (within 5–10 cm of the anal

verge)—obtained the greatest benefıt from preoperative

radiation.17,18 These fındings suggested that some sub-

groups treated with multimodality therapy may derive less

benefıt from the addition of chemoradiation. Furthermore,

neoadjuvant radiation did not improve overall survival.

The short- and long-term toxicity of pelvic radiation

may be the most compelling reason to reconsider reflexive

neoadjuvant chemoradiation and to move toward a more

individualized approach. In the United States, radiation is

given daily over a period of 5 to 6 weeks. This treatment

can be difficult to tolerate, and compliance is frequently

poor18; debilitating short-term toxicities have been reported

in up to 50 % of patients,17 with up to 70 % of patients

unable to complete the entire course of treatment.18

Additionally, the long-term effects of radiation can lead to

disabling complications. Radiation-related fibrosis and

autonomic nerve injury are associated with increased fecal

incontinence, urgency, and frequency. Higher rates of

sexual and genitourinary dysfunction, as well as small

bowel obstruction requiring surgical intervention, have also

been observed. Compared to patients who do not receive

chemoradiation, quality of life is poorer.18–22 Finally,

chemoradiation may impair bone marrow reserve, which

complicates the ability to deliver systemic chemotherapy in

the metastatic setting.

In this issue of Annals of Surgical Oncology, Kulu and

colleagues from Heidelberg compare cohorts of stage II

and III rectal cancer patients treated with total mesorectal

excision with or without neoadjuvant therapy. The retro-

spective review of a multicenter database includes patients

with tumors less than 12 cm from the anal verge, treated

between 2002 and 2013; radiation was utilized at the dis-

cretion of the treating surgeon for patients thought to be at

high risk for positive margin, or for those requiring

neoadjuvant therapy aimed at downsizing distal tumors for

sphincter preservation. Of 454 patients, 342 (75 %) were

radiated and 112 (25 %) were not radiated. Of the 342 who

received neoadjuvant treatment, 130 (38 %) underwent

chemoradiation and 212 (62 %) had short-course radio-

therapy. After surgery, 32 % of the irradiated patients and

46 % of the surgery-only patients received adjuvant

chemotherapy. Survival, recurrence, positive circumferen-

tial radial margin, and complications were not different in
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the irradiated and non-irradiated patients. Local recurrence

rates were 3.8 % in the irradiated patients and 4.5 % in the

non-irradiated patients. What can we conclude from these

results? Most obvious is that the treating physicians

involved in the study were expert clinicians and surgeons,

able to successfully identify lower risk patients based on

clinical examination and imaging. Can these results be

generalized to a broader group of clinicians?

Currently there is an open prospective randomized trial

seeking to determine whether preoperative radiation can be

omitted in select patients. The PROSPECT trial, Preoper-

ative Radiation Or Selective Preoperative Radiation and

Evaluation before Chemotherapy and Total Mesorectal

Excision (TME), is a large-scale, multi-institutional, phase

II/III randomized prospective trial comparing neoadjuvant

FOLFOX with selective use of chemoradiation (NCCTG-

N1048, NCT01515787), and is outlined in Figure 1.15,23

This trial is based on favorable data obtained in a pilot trial,

in which locally advanced rectal cancer patients were ini-

tially treated with FOLFOX-based chemotherapy, without

planned radiation therapy. The study cohort included 30 %

stage II and 70 % stage III mid to low rectal cancers. Of the

30 patients receiving chemotherapy alone, all had complete

R0 resection and eight (27 %) achieved a pathologic

complete response, with no viable tumor detected in the

resection specimen.24 All three patients who suffered

recurrence had pulmonary metastasis, but no locally

recurrent disease was observed.

In prospective randomized trial design PROSPECT is a

multicenter trial which investigates whether standard

combined modality treatment (CMT: 5-FU or capecitabine-

based chemoradiation) can be replaced with selective use

of neoadjuvant FOLFOX. The study randomly and equally

assigns patients with T1/2N1, T3N0, and T3N1 rectal

cancer with tumors that are amenable to sphincter-pre-

serving procedures, and without at-risk radial CRM, to

either the ‘‘standard’’ or ‘‘selective’’ arm. Treatment in the

standard arm consists of preoperative 5-FU or capecita-

bine-based chemoradiation, followed by TME and eight

cycles of FOLFOX. Patients assigned to the selection arm

receive six cycles of neoadjuvant FOLFOX and are then

restaged. If clinical response to chemotherapy is observed

in 20 % or more, the patients immediately proceed to

surgical resection and adjuvant FOLFOX (6 cycles);

however, if tumor response is less than 20 %, the patients

receive conventional combined-modality therapy before

surgical resection and adjuvant FOLFOX (2 additional

cycles). Patients in the selective arm who are found to have

positive circumferential radial margins on fınal pathology

undergo chemoradiation because of the increased risk for

local recurrence. This study will determine whether

neoadjuvant FOLFOX with selective use of chemoradia-

tion can be safely used as an alternative to standard

chemoradiation, without compromising the ability to per-

form a margin-negative surgical resection, achieve local

control, and improve overall disease-free survival.

In summary, there has been substantial progress in rectal

cancer therapy in the past decade. Although some patients

still do not receive benefıcial adjuvant and neoadjuvant

treatments, at the same time the neoadjuvant paradigm

means that others receive too much treatment. As Kulu and

colleagues are alluding to, the fıeld is ready for precision

medicine, with tailoring of treatment to individual patient

risk. Current trials, including PROSPECT, are attempting

to meet these challenges and develop individualized

treatment based on personal risk, thus maximizing

FIG. 1 Outline of the PROSPECT

trial. This large-scale multi-institutional

phase II/III randomized prospective

trial compares neoadjuvant FOLFOX

with selective use of chemoradiation.

PROSPECT Preoperative Radiation Or

Selective Preoperative Radiation and

Evaluation before Chemotherapy and

Total Mesorectal Excision (TME)
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oncologic outcome and quality of life while limiting

treatment-related toxicity.
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