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Neoadjuvant short-course
radiotherapy or chemoradiation
plus consolidative chemotherapy
followed by radical operation for
locally advanced rectal cancer
Shing Fung Lee1,2*, Pui Lam Yip1,2, Barry Wo1,
Natalie Sean-Man Wong1, Balamurugan A. Vellayappan2,
Harvey J. Mamon3† and Francis Ann Shing Lee1†

1Department of Clinical Oncology, Tuen Mun Hospital, New Territories West Cluster, Hospital
Authority, Hong Kong, Hong Kong SAR, China, 2Department of Radiation Oncology, National
University Cancer Institute, National University Hospital, Singapore, Singapore, 3Department of
Radiation Oncology, Dana-Farber Cancer Institute/Brigham and Women’s Hospital, Boston,
MA, United States
Introduction: Limited evidence compares short-course radiotherapy (SCRT) and

long-course chemoradiotherapy (LCCRT), both of which are followed by

consolidative chemotherapy before radical rectal surgery. We conducted a

retrospective cohort study to assess treatment response, survival outcomes,

and toxicity in patients with locally advanced rectal cancer.

Materials and methods: Patients (cT3–4 and/or N+) treated with SCRT or

LCCRT, consolidative chemotherapy, or total mesorectal excision between

2013 and 2021 were identified. the cause-specific cumulative incidence of

disease-related treatment failure, locoregional recurrence, distant metastases,

and overall survival were evaluated using flexible parametric competing risk

analysis and Kaplan–Meier methods, adjusted for treatment regimens and

clinicopathological factors. A pathological complete response (pCR), tumor

downstaging, and toxicity have been reported.

Results: Among the 144 patients, 115 (80%) underwent curative rectal surgery.

The LCCRT and SCRT groups achieved pCR in 10 (18%) and seven (12%) patients,

respectively (odds ratio, 1.68; 95% confidence interval [CI], 0.59–4.78). The

adjusted cause-specific hazard ratio for disease-related treatment failure with

LCCRT versus SCRT was 0.26 (95% CI, 0.08–0.87). Three-year cumulative

probability of disease-related treatment failure was 10.0% and 25.6% for

LCCRT and SCRT, respectively. No significant differences in T-downstaging, N-

downstaging, significant pathologic downstaging (ypT0-2N0), locoregional

failure, distant metastasis, or overall survival were found. Late rectal toxicity

occurred in 10 (15%) LCCRT and two (3%) SCRT patients, respectively.
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Conclusion: LCCRT with consolidative chemotherapy demonstrated improved

disease-related treatment failure compared with SCRT, despite higher late rectal

toxicity. Further research is needed to assess the long-term oncologic outcomes

and toxicity.
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Introduction

Surgical resection is the primary treatment for early stage rectal

cancer, whereas long-course chemoradiotherapy (LCCRT) followed

by total mesorectal excision (TME) and selective adjuvant

chemotherapy are recommended for locally advanced cases,

offering improved local control compared with postoperative

radiotherapy (1, 2). Traditional LCCRT involves 45 Gy–50.4 Gy

in 25–28 daily fractions, concurrent chemotherapy, and delayed

surgery (6–12 weeks after chemoradiation), resulting in prolonged

treatment duration.

An alternative is neoadjuvant short-course radiotherapy

(SCRT) with 25 Gy in five daily fractions (3, 4). SCRT followed

by immediate surgery yields lower pathological complete response

(pCR) rates and tumor downstaging than LCCRT (5). However,

delaying surgery after SCRT improves these outcomes, as shown in

the Stockholm III trial (5). The interval between SCRT and surgery

presents an opportunity for additional chemotherapy, potentially

eliminating micrometastases and enhancing radiotherapy and

chemotherapy synergism for greater primary tumor downstaging.

Recently, SCRT, followed by consolidative chemotherapy, has

emerged as a viable alternative to LCCRT. The Polish II study

demonstrated higher R0 resection rates and overall survival for

patients receiving SCRT and FOLFOX4 than for those receiving

LCCRT (6). A phase 2 study reported a 25% pCR rate and 71% T-

downstaging effect with SCRT and four cycles of mFOLFOX6 (7).

Various randomized trials have found similar approaches to yield

superior or non-inferior oncological outcomes compared with

conventional LCCRT (8–10).

Some trials have compared SCRT with neoadjuvant

chemotherapy versus LCCRT alone (6, 8, 9, 11), whereas others

have assessed LCCRT plus neoadjuvant chemotherapy (12–15).

These treatment regimens are heterogeneous, with variations in

neoadjuvant and adjuvant chemotherapy cycles, making it unclear

whether the response in the SCRT arm was due to the sequencing of

multiagent chemotherapy, radiotherapy dose, or fractionation. The

effectiveness of SCRT compared with standard LCCRT in the

context of total neoadjuvant therapy (TNT) or near TNT remains

uncertain. Therefore, we conducted a retrospective study to

compare the treatment response, survival outcomes, and toxicity
02
between patients receiving SCRT and LCCRT, followed by

consolidative chemotherapy before radical rectal surgery.
Materials and methods

Eligibility and assessments

We included patients aged >18 years with biopsy-proven cT3–4

primary rectal adenocarcinoma, with or without N1 or N2 status,

and proximal extension ≤15 cm from the anal verge. Eligible

participants were those who were medically fit for chemotherapy

and considered candidates for radical rectal surgery upon adequate

preoperative treatment response. Patients with metastatic disease,

other malignancies, or intolerance to chemotherapy or surgery were

excluded. The same eligibility criteria were applied to the LCCRT

and SCRT groups.

The decision to allocate patients to SCRT or LCCRT was based

on detailed magnetic resonance imaging (MRI) findings, which

included tumor location, extent of mesorectal fascia involvement,

and lymph node status. These treatment decisions were made during

multidisciplinary team discussions to ensure a comprehensive and

patient-specific approach to the treatment planning. Patients with a

threatened mesorectal fascia, as determined by MRI, were generally

inclined towards LCCRT, although this was ultimately an

individualized decision.

Pre-treatment assessments included physical examinations:

pelvic MRI, or computed tomography (CT) of the chest,

abdomen, and pelvis (or 18F-fluorodeoxyglucose positron

emission tomography-computed tomography [PET-CT]). A

complete colonoscopy was performed when feasible. Otherwise,

assessment of the colon proximal to the obstructive tumor was

deferred if other imaging modalities showed no evidence of

synchronic colonic tumors. T-stage evaluations were based on

physical examination and MRI. The American Joint Committee

on Cancer 7th and 8th editions have been used for cancer staging

(16, 17). High-resolution T1-weighted, T2-weighted, T1-weighted

with contrast, and diffused-weighted sequence MRI were

mandatory before and after neoadjuvant treatment for radically

resectable cases.
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Post-treatment follow-up involved physical examination and

carcinoembryonic antigen (CEA) measurement at each clinic visit.

Patients were reviewed every three months for two years, then every

four to six months from years three to five. Imaging was performed

if recurrence was suspected or if CEA levels increased. Colonoscopy

was performed within three years postoperatively and repeated

within five years. In cases of incomplete preoperative colonoscopy,

the first colonoscopy was performed within the first year

after surgery.
Treatment

SCRT involved 5 daily fractions over 5–7 days, using 3D

conformal (3D-CRT) or intensity-modulated radiation therapy

(IMRT) using 6-to 10-MV photons and symmetrical planning

target volume (PTV) margins of 1 cm. Following the Radiation

Therapy Oncology Group guidelines (11), the elective regional

nodal target volume, the involved rectum, and the mesorectal

compartment with 1 cm superior and inferior margins received

25 Gy. If the involved pelvic nodes extended beyond the primary

tumor, the mesorectal coverage was adjusted accordingly. The gross

tumor and clinically positive regional nodes in the pelvis could

receive an integrated boost of up to 30 Gy using IMRT. A minimum

PTV coverage of 95% by the prescription dose was required, with a

maximum allowed dose of 108% of the prescription dose. The small

bowel was limited to ≤150 cc and ≥45 Gy (equivalent dose in 2 Gy

fractions [EQD2]) and the bowel bag to ≤200 cc and ≥45

Gy (EQD2).

In the LCCRT cohort, target volumes were defined as previously

described, receiving 50.4 Gy in 28 fractions. Boost doses of 3.6 Gy–

5.4 Gy (1.8 Gy per fraction) were delivered to the gross tumor and

clinically positive regional nodes in the pelvis, either with integrated

boost using IMRT or sequentially with IMRT or 3D-CRT.

Concurrent single-agent chemotherapy was administered:

capecitabine 825 mg/m2 orally twice daily during RT or 5-

fluorouracil 500 mg/m2 intravenously on days 1–3 and 29–31.

Both the SCRT and LCCRT groups received consolidative

CAPOX chemotherapy after completing radiotherapy with 2–3

weeks rest. Chemotherapy consisted of CAPOX (capecitabine 1,000

mg/m² orally twice daily on days 1–14, oxaliplatin 130 mg/m²

intravenously on day 1, and a chemotherapy-free interval between

days 15 and 21) or modified FOLFOX6 (oxaliplatin 85 mg/m²

intravenously on day 1, leucovorin 400 mg/m² intravenously on

day 1, followed by a bolus of 5-fluorouracil 400 mg/m² intravenously

on day 1 and 5-fluorouracil 2,400 mg/m² intravenously for 46 h on

days 1 and 2, followed by a chemotherapy-free interval between days

3 and 14). Standard dose modifications were performed.

Patients were scheduled for surgery 8–12 weeks post-radiation

if MRI reassessment showed tumor response and the disease was

deemed resectable. Radical rectal surgery involves TME as part of

low anterior resection or abdominoperineal resection, with more

extensive resection (including exenteration, left colectomy,

hysterectomy, or cystectomy) performed in some cases. Adjuvant

chemotherapy, although not mandated, was considered during

multidisciplinary team meetings and could include oxaliplatin-
Frontiers in Oncology 03
based doublet regimens (CAPOX or modified FOLFOX6) or

single-agent capecitabine or 5-fluorouracil.
Toxicity assessments

Side effects were evaluated using the National Cancer Institute

Common Terminology Criteria for Adverse Events, version 4.0.

Preoperative toxicity spanned from the start of neoadjuvant

treatment to the date of rectal surgery, while postoperative

complications occurred from the date of surgery to 30 days post-

surgery and were classified according to the Clavien–Dindo

classification (18). Late toxicity was determined from 30 days

post-surgery until the last follow-up, recurrent rectal cancer, or

death, whichever occurred first.
Study outcomes

Disease-related treatment failure was assessed and defined as

the first occurrence of locoregional failure, distant metastasis, a new

primary colorectal tumor, or rectal cancer/treatment-related death

(9). It was calculated from the time of radiotherapy to the endpoint

or censoring date, whichever occurred earlier. Locoregional failure

and distant metastasis were analyzed as separate outcomes.

Locoregional failure includes locally progressive disease leading to

an unresectable tumor, local R2 resection, or locoregional

recurrence after R0–R1 resection (9). Overall survival was also

assessed (time from radiotherapy initiation to any cause of

death). Other outcomes included pCR (no residual tumor on

pathological assessment after definitive surgery), treatment

toxicities, and surgical complications within 30 days (9, 19).
Statistical analysis

Descriptive statistics were generated for the demographics,

follow-up duration, and prevalence of characteristics in the SCRT

and LCCRT groups. Continuous variables were presented as

medians with interquartile ranges or means with standard

deviations and compared using t-tests or rank-sum tests,

depending on distributions. Categorical variables are presented as

percentages and compared using Fisher’s exact test or c2 test. The
cumulative incidence of disease-related treatment failure was

calculated, accounting for nontreatment-related deaths as a

competing risk. Cumulative incidences of distant metastases and

locoregional failure were calculated, accounting for all-cause death

as a competing risk (20–23). For all competing risk analyses,

adjusted cause-specific hazard ratios (HRs) were calculated using

a flexible parametric survival model, accounting for the inverse

probability of censoring and treatment weights (20, 21, 24–26).

Overall survival was estimated using the Kaplan–Meier method (27,

28). pCR odds ratios (ORs) and 95% confidence intervals (CIs) were

calculated. Patients alive without reaching the specified endpoints

by 1 May 2022, were censored. Statistical analyses and survival

model fitting were conducted using Stata v.16.1 (StataCorp, College
frontiersin.org
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Station, TX) (29, 30). A two-tailed P of <0.05 was considered

statistically significant. This study was approved by the Research

Ethics Committee, New Territories West Cluster, Hospital

Authority, Hong Kong (reference number: NTWC/REC/19054).
Results

Description of the cohort

Between 2013 and 2021, 144 patients underwent neoadjuvant

radiotherapy for rectal cancer (Table 1). The median follow-up

duration was 3.1 years (interquartile range [IQR], 1.8–4.5 years).

The median age at diagnosis was 63 years (IQR, 57–69 years), with

83% males. Twenty-nine (20%) patients had cT4 tumors, 115 (80%)

had cT3, and 129 (90%) tumors had cN+. Ninety-four (65%) and 23

(16%) patients had involved and threatened (≤1 mm) mesorectal
Frontiers in Oncology 04
fascia, respectively, on MRI. Thirty-five patients (24%) showed

extramural venous invasion (EMVI).
Treatment delivery

Four patients in the LCCRT cohort experienced treatment

interruptions. Patients received a median of two neoadjuvant

chemotherapy cycles (IQR 2–4 cycles); 45 (58%) and 30 (39%)

received CAPOX and capecitabine, respectively. Forty-one patients

received adjuvant chemotherapy, and 26 (63%) received adjuvant

CAPOX. The remaining patients received capecitabine, 5-FU, or

FOLFOX. Adjuvant chemotherapy was administered to 68% of

SCRT patients and 82% of LCCRT patients (chi-squared test, P =

0.096). All patients in the LCCRT cohort received concurrent

chemoradiation with capecitabine. The number of neoadjuvant

chemotherapy and CAPOX cycles was similar between the SCRT
TABLE 1 Patients and treatment characteristics, 2013–2021 (N = 144).

Characteristics
All patients
(N = 144)

SCRT (n = 78) LCCRT (n = 66) P*

Age, year, median (IQR) 63 (57–69) 65 (59–75) 62 (55–67) 0.001

Sex, n (%) 0.496

Male 119 (83) 66 (85) 53 (80)

Female 25 (17) 12 (15) 13 (20)

Performance status (ECOG), n (%) 0.003

0/1 121 (84) 59 (76) 62 (94)

2 23 (16) 19 (24) 4 (6)

RCS co-morbidity scores, n (%) 0.172

0 117 (81) 59 (76) 58 (88)

1 20 (14) 14 (18) 6 (9)

≥2 7 (5) 5 (6) 2 (3)

Combined clinical stage, n (%) 0.538

II 15 (10) 7 (9) 8 (12)

III 129 (90) 71 (91) 58 (88)

Clinical T stage, n (%) 0.005

cT3 115 (80) 69 (88) 46 (70)

cT4 29 (20) 9 (12) 20 (30)

Clinical N stage, n (%) 0.538

cN0 15 (10) 7 (9) 8 (12)

cN+ 129 (90) 71 (91) 58 (88)

Distance from anal verge (cm)

Median (IQR), cm 6.8 (4.7–8.5) 6.0 (4.8–8.0) 7.0 (4.5–9.1) 0.132

0–5 (lower) 51 (35.4) 32 (41.0) 19 (28.8) 0.058

>5–10 (mid) 76 (52.8) 41 (52.6) 37 (53.0)

>10–15 (upper) 17 (11.8) 5 (6.4) 12 (18.2)

(Continued)
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and LCCRT groups (rank sum, P = 0.583 and P = 0.135,

respectively). SCRT patients received significantly more cycles of

adjuvant chemotherapy and adjuvant CAPOX (rank sum P = 0.007

and P = 0.028, respectively).

In 115 of 144 (80%) patients who underwent curative surgery,

the R0 resection rate was high and comparable between groups

(Table 2). Sphincter-preserving surgery was performed in 75% of

SCRT patients and 76% of LCCRT patients (P = 0.865). The median

time from radiotherapy to surgery was 14 weeks (IQR; 11–17

weeks) for SCRT and 18 weeks (IQR; 16–29 weeks) for LCCRT.
Treatment response

In the LCCRT group, 10 (18%) of 55 patients achieved pCR,

compared to seven (12%) of 60 patients in the SCRT group (OR, 1.68;

95% CI, 0.59–4.78; P = 0.329; Table 2). Pathologic T-downstaging, N-

downstaging, and significant pathologic downstaging (ypT0-2N0)
Frontiers in Oncology 05
were not significantly different between the two groups

(Supplementary Tables 1, 2). Comparing the results of pre-

treatment and post-treatment MRI, the percentage of patients

considered radiological node-negative changed from 8% in the

SCRT group and 9% in the LCCRT group before treatment to 34%

and 45%, respectively (P <0.001). Post-neoadjuvant therapy MRI

showed that 98% of SCRT and 93% of LCCRT patients achieved

complete or partial response (Table 3, P = 0.175). For all 144 patients,

the response rates were 77% (LCCRT) and 76% (SCRT) (P = 0.818).
Survival outcomes

Disease-related treatment failure
Thirty-two patients experienced disease-related treatment

failure. The 1-, 2-, and 3-year cumulative probabilities of disease-

related treatment failure were 4.2% (95% CI, 1.3%–12.0%), 7.6%

(95% CI, 3.2%–18.3%), and 10.0% (95% CI, 4.5%–22.5%) for
TABLE 1 Continued

Characteristics
All patients
(N = 144)

SCRT (n = 78) LCCRT (n = 66) P*

Mesorectal fascia, n (%) 0.782

Involved 94 (65) 49 (63) 45 (68)

Threatened (≤1 mm) 23 (16) 13 (17) 10 (15)

>1mm 27 (19) 16 (21) 11 (17)

EMVI, n (%) 35 (24) 26 (33) 9 (14) 0.006

Dose to primary tumor, Gy, median (range) 30.00 (27.50–50.40) 28.75 (25.00–30.00) 54.04 (50.40–56.00) –

Fraction size, Gy, range 5.00 (1.93–6.00) 5.75 (5.00–6.00) 1.93 (1.80–2.00) –

Radiotherapy technique, n (%) <0.001

3D conformal 91 (63) 29 (37) 62 (94)

IMRT 53 (37) 49 (63) 4 (6)

Surgery with curative intent after preoperative treatment, n (%) 115 (80) 60 (77) 55 (83) 0.026

Surgical technique, n (%) 0.865

Sphincter preserving 87 (76) 45 (75) 42 (76)

Sphincter non-preserving 28 (24) 15 (25) 13 (24)

Blood loss in the operation, ml, median (IQR) 250 (150–500) 225 (100–400) 275 (150–500) 0.452

Operation time, minutes, median (IQR) 300 (260–358) 300 (256–353) 300 (271–373) 0.470

Number of cycles of neoadjuvant chemotherapy, median (IQR) 2 (2–4) 2 (2–4) 2 (2–5) 0.583

Number of cycles adjuvant chemotherapy, median (IQR) 4 (0–5) 4 (1–6) 4 (0–4) 0.007

Time from commencement of radiotherapy to surgery, weeks, median (IQR) 16 (14–20) 14 (11–17) 18 (16–29) <0.001

Time from completion of radiotherapy to surgery, weeks, median (IQR) 12 (10–18) 13 (10–16) 12 (10–23) 0.787

Pretreatment CEA, ug/L, median (range) 8.6 (3.7–29.4) 8.0 (4.3–29.4) 9.0 (3.1–30.5) 0.360

Preoperative CEA, ug/L, median (range) 3.7 (2.5–6.6) 3.7 (2.7–6.6) 3.5 (2.4–6.6) 0.591

Postoperative CEA, ug/L, median (range) 2.3 (1.8–3.6) 2.4 (1.8–3.6) 2.1 (1.8–3.8) 0.305
frontie
3D, 3-dimensional; CEA, carcinoembryonic antigen; ECOG, Eastern Cooperative Oncology Group; EMVI, extramural venous invasion; Gy, Gray; IMRT, intensity modulated radiotherapy; IQR,
interquartile range; LCCRT, long-course chemoradiotherapy; RCS, Royal College of Surgeons; SCRT, short-course radiotherapy.
*Tested by Chi-squared test or Wilcoxon test for association.
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TABLE 2 Pathologic assessment and response among patients with a
curative resection and disease-related treatment failures, 2013–2021.

Patients with a curative
resection (N = 115)

SCRT (n
= 60)

LCCRT (n
= 55)

P*

Tumor grade, n (%) 0.197

Well differentiated 1 (2) 4 (7)

Moderately differentiated 47 (78) 35 (64)

Poorly differentiated 0 1 (2)

No tumor or not assessable 12 (20) 15 (27)

Resection margin, n (%) 0.567

R0 55 (92) 50 (91)

R1 5 (8) 4 (7)

R2 0 1 (2)

ypT, n (%) 0.562

ypT0 9 (15) 8 (15)

ypTis 0 1 (2)

ypT1 1 (1) 2 (4)

ypT2 16 (27) 8 (15)

ypT3 31 (52) 33 (60)

ypT4 3 (5) 3 (5)

ypN, n (%) 0.959

ypN0 44 (73) 40 (73)

ypN1 11 (18) 11 (20)

ypN2 5 (8) 4 (7)

yp stage, n (%) 0.819

0 7 (12) 7 (13)

I 14 (23) 9 (16)

II 23 (38) 24 (44)

III 16 (27) 15 (27)

Pathologic complete response, n (%) 7 (12) 10 (18) 0.325

T-downstaging only, n (%) 28 (47) 27 (49) 0.795

N-downstaging only, n (%) 39 (65) 36 (65) 0.959

Both T- and N-downstaging, n (%) 49 (82) 44 (80) 0.820

Significant downstaging (ypT0-
2N0), n (%)

21 (35) 16 (29)
0.498

All eligible patients (N
= 144)

SCRT (n
= 78)

LCCRT (n
= 66)

P*

Disease-related treatment failure,
first occurring, n (%)

24 (31) 24 (36) 0.579

Locoregional failure, n (%)
Local progression with unresectable
tumor
R2 resection
pCR

9 (12)
4 (5)

0
0

12 (18)
7 (11)

1 (2)
0

(Continued)

TABLE 2 Continued

All eligible patients (N
= 144)

SCRT (n
= 78)

LCCRT (n
= 66)

P*

Locoregional failure and distant
metastasis, n (%)
Local progression with unresectable
tumor
R2 resection
pCR

5 (6)

2 (3)

0
0

9 (14)

4 (6)

1 (2)
0

Distant metastasis, n (%) 19 (24) 21 (32) 0.343

New primary colorectal tumor,
n (%)

2 (3) 2 (3)
0.886

Treatment-related death, n (%) 0 1 (2) 0.275

LCCRT, long-course chemoradiotherapy; SCRT, short-course radiotherapy.
*Tested by Chi-squared test or Wilcoxon test for association.

Lee et al. 10.3389/fonc.2023.1284569
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LCCRT and 13.5% (95% CI, 7.0%–26.1%), 21.5% (95% CI, 13.9%–

33.4%), and 25.6% (95% CI, 17.0%–38.7%) for SCRT (Figure 1).

Distant metastasis accounted for most failures (Table 2). LCCRT

significantly lowered the risk of disease-related treatment failure

(HR 0.26; 95% CI, 0.08%–0.87; P = 0.029; Table 4 and Figure 1).

Other factors included adjuvant chemotherapy (HR, 0.14; 95% CI,

0.03–0.69; P = 0.015), and age (HR per 1 increase, 0.93; 95% CI,

0.87–0.99; P = 0.032).

Locoregional failure and distant metastasis
Twenty-one patients developed locoregional failure and 40 had

distant metastases. The 1-, 2-, and 3-year cumulative probabilities of

locoregional failure were 1.1% (95% CI, 0.2%–7.4%), 3.3% (95% CI,

0.7%–15.9%), and 4.2% (95% CI, 1.0%–18.3%) for LCCRT, and

3.2% (95% CI, 0.7%–15.3%), 8.8% (95% CI, 3.5%–22.3%), and

10.5% (95% CI, 4.4%–25.3%) for SCRT (HR 0.54; 95% CI,

0.12%–2.31%; P = 0.402) (Supplementary Figure 1). None of the

factors were statistically significant (Supplementary Table 3).

The 1-, 2-, and 3-year cumulative probabilities of distant metastasis

were 4.7% (95% CI, 1.8%–12.2%), 8.4% (95% CI, 3.9%–18.3%), and

10.7% (95% CI, 5.2%–21.9%) for LCCRT, and 11.6% (95% CI, 5.5%–

24.5%), 18.6% (95% CI, 11.5%–30.0%), and 21.8% (95% CI, 13.8%–

34.4%) for SCRT (HR 0.35; 95% CI, 0.11%–1.09%; P = 0.071)
TABLE 3 MRI radiological assessment and response comparing staging
MRI and preoperative MRI, 2013–2021 (N = 115).

MRI radiological
responses, n (%)*

SCRT
(n = 60)

LCCRT
(n = 55)

P**

Complete response 0 (0) 0 (0) 0.175

Partial response 59 (98) 51 (93)

Stable disease 0 (0) 3 (5)

Progressive disease 1 (2) 1 (2)

Objective response† 59 (98) 51 (93)
frontier
LCCRT, long-course chemoradiotherapy; MRI, magnetic resonance imaging; SCRT, short-
course radiotherapy.
*Included patients who underwent surgical operation for rectal cancer.
**Tested by Fisher’s exact test for association.
†Objective response includes complete and partial responders.
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(Supplementary Figure 2). Adjuvant chemotherapy use (HR, 0.11; 95%

CI, 0.03%–0.46%; P = 0.002) was associated with distant metastasis

occurrence (Supplementary Table 4).

Overall survival
A total of 41 patients died during the study period. The 1-, 2-,

and 3-year overall survival were 97.0% (95% CI, 88.4%–99.2%),

87.9% (95% CI, 77.2%–93.8%), and 78.7% (95% CI, 66.6%–86.8%)

for LCCRT, and 91.0% (95% CI, 82.1%–95.6%), 82.6% (95% CI,

71.0%–89.9%), and 65.5% (95% CI, 47.7%–78.5%) for SCRT (HR,
Frontiers in Oncology 07
0.35; 95% CI, 0.11%–1.17%; P = 0.090) (Supplementary Figure 3).

Multivariable analysis showed that adjuvant chemotherapy (HR,

0.27; 95% CI, 0.09%–0.81%; P = 0.019) significantly affected overall

survival (Supplementary Table 5).
Toxicity

The toxicity events are shown in Supplementary Tables 6, 7.

Grade ≥3 toxicities during neoadjuvant therapy occurred in 20% of
FIGURE 1

Adjusted cause-specific cumulative incidence of disease-related treatment failure. LCCRT, neoadjuvant chemoradiation; SCRT, short-
course radiotherapy.
TABLE 4 Univariable and multivariable analyses of prognostic factors for disease-related treatment failure, 2013–2021 (N = 144).

Variables

Disease-related treatment failure

Univariable analysis Multivariable analysis

HR (95% CI) P HR (95% CI) P

Treatment regimen (LCCRT vs. SCRT) 0.99 (0.26–3.80) 0.990 0.26 (0.08–0.87) 0.029

Age (per 1 year increase) 0.97 (0.92–1.02) 0.262 0.93 (0.87–0.99) 0.032

Sex (male vs. female) 0.51 (0.18–1.47) 0.212 0.44 (0.07–2.82) 0.388

ECOG performance status (2 vs. 0–1) 3.05 (0.91–10.19) 0.071 2.08 (0.53–8.12) 0.292

Distance from the anal verge

Mid rectum vs. low rectum
High rectum vs. low rectum

0.48 (0.15–1.53)
2.51 (0.89–7.09)

0.217
0.082

0.56 (0.11–2.94)
0.37 (0.03–4.74)

0.494
0.445

Extramural venous invasion on baseline MRI 0.83 (0.18–3.83) 0.816 0.55 (0.09–3.35) 0.516

Tumor grade (poorly/moderately vs. well differentiated) 1.31 (0.43–4.02) 0.636 1.04 (0.33–3.23) 0.949

Resection margin R1/R2 vs. R0 4.03 (1.18–13.77) 0.026 1.55 (0.19–12.44) 0.683

Cancer stage (III vs. II) 1.35 (0.29–6.35) 0.706 1.84 (0.15–22.08) 0.631

Significant downstaging (ypT0-2N0 vs. not) 0.41 (0.09–1.91) 0.253 0.53 (0.08–3.62) 0.514

Adjuvant chemotherapy (yes vs no) 0.09 (0.03–0.29) 0.001 0.14 (0.03–0.69) 0.015
fronti
ECOG, Eastern Cooperative Oncology Group; HR, hazard ratio; MRI, magnetic resonance imaging; LCCRT, long-course chemoradiotherapy; SCRT, short-course radiotherapy.
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the LCCRT patients and 23% of the SCRT patients. The most

common preoperative grade ≥3 hematologic and non-hematologic

toxicities were thrombocytopenia and gastrointestinal toxicities,

respectively. Grade ≥3 postoperative complications occurred in

18% of the SCRT patients and 20% of the LCCRT patients. Two

grade 5 postoperative complications in the LCCRT group involved

anastomotic leakage and intra-abdominal infection, the latter being

the most common grade ≥3 postoperative complications. No 30-

day postoperative mortality occurred in either of the groups. Late

rectal toxicity, the most common late toxicity, affected 15% of the

LCCRT patients and 3% of the SCRT patients (P = 0.012)

(Supplementary Table 7).
Discussion

Combining LCCRT with multi-agent chemotherapy (induction

or consolidative) before TME is feasible and enhances its

effectiveness, as demonstrated by various phase 2 and randomized

controlled trials (31–35). Several studies have compared SCRT plus

neoadjuvant chemotherapy with standard chemoradiation followed

by optional adjuvant chemotherapy in patients with locally advanced

rectal cancer (6, 9, 10, 36, 37), showing improved or similar survival

outcomes in the SCRT arm. However, whether adding preoperative

systemic therapy to SCRT or LCCRT is better remains controversial,

as fewer trials have investigated this approach. The ongoing ACO/

ARO/AIO-18 trial (NCT04246684) compares SCRT and LCCRT

followed by consolidative chemotherapy and surgery or selective

organ preservation. Although retrospective, our study is the only one

to examine the near-TNT approach with the sole variable being long-

course versus SCR, while both arms received the same consolidative

chemotherapy. This fills a knowledge gap and highlights the need for

a prospective trial to address this question.

Our study compared survival outcomes and treatment responses

in patients with locally advanced rectal cancer patients receiving

consolidative chemotherapy with either LCCRT or SCRT before

TME. The latter treatment approach was assessed in three large

randomized controlled trials: Polish II, RAPIDO, and STELLAR (6, 9,

10, 37). We adjusted for potential confounding effects of various

clinical, radiological, and pathological risk factors between the

groups. Both treatment strategies, combined with consolidative

chemotherapy before surgery, provided comparable downstaging

effects and locoregional and distant control, while maintaining high

tolerability and compliance. These findings offer further evidence to

support modern neoadjuvant strategies in clinical practice.

An improved rate of disease-related treatment failure was

observed in our LCCRT cohort, but differences in locoregional

recurrence, distant metastasis, and overall survival were not

demonstrated. This finding may be due to the increased power

when analyzing disease-related treatment failure, a composite

endpoint. PRODIGE-23, which mainly assesses the chemotherapy

sequence, showed significant improvement in the 3-year distant

metastasis rate for LCCRT after preoperative chemotherapy (33).

Polish II and STELLAR demonstrated similar 3-year disease-free

survival and locoregional recurrence rates between treatment arms

(10, 37). Our LCCRT and SCRT arms achieved comparable survival
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outcomes, except for poorer overall survival, possibly related to

patient selection heterogeneity, later lines of treatment received

when disease progressed, and different neoadjuvant regimens (9, 33,

37). This provides external validity for our results. Considering our

modest follow-up duration, a longer follow-up period (5–10 years)

is needed to determine long-term survival and side effects. This is

similar to the Polish II trial, in which overall survival benefit

diminished after a median 8-year follow-up (6). Additionally, a

recent report of the 5-year outcomes of RAPIDO showed higher

locoregional recurrence in the SCRT arm, not revealed at 3 years,

emphasizing the importance of long-term follow-up (38).

Adjuvant chemotherapy improves disease-related treatment

failure, distant metastasis, and overall survival rates. Increased

systemic treatment exposure may treat potential micrometastases

and improves overall survival. Our study reported a distant

metastasis rate of 27.7%, indicating the need for more effective

systemic treatment. Evidence for adjuvant chemotherapy in rectal

cancer comes largely from colon cancer experience, and its benefit

after neoadjuvant treatment remains controversial (39). Further

research should explore the role of adjuvant chemotherapy in the

TNT era and optimize trimodality therapy use and sequence using

risk-adapted strategies.

Our findings revealed a significant shift in the radiological nodal

status from pre- to post-treatment. Notably, the LCCRT group

exhibited a higher rate of achieving node-negative status post-

treatment. Additionally, a considerable proportion of patients in both

treatment groups, initially classified as node-positive following

neoadjuvant therapy, subsequently attained ypN0 status. These

observations underscore the intricacies involved in assessing

treatment responses. Traditional static measurements of post-

radiotherapy nodal status, classified simply as positive or negative,

may not capture the full spectrum of temporal and volumetric tumor

changes during treatment. Recognizing downstaging as a dynamic

process influenced by both temporal progression and biological factors

is vital. This dynamic nature of the tumor response calls for an

augmented approach that includes both qualitative and quantitative

evaluations. Advanced imaging modalities, such as serial MRI, which

allows for the analysis of tumor volume alterations and activity changes

in diffusion-weighted imaging, can be useful in providing a more

holistic view of treatment effectiveness (40). This approach is

particularly significant in the context of designing prospective studies.

This highlights the necessity of comprehensive, multidimensional

assessments to unravel the complex interactions between various

treatment methods and tumor biology. Thus, our study emphasizes

the importance of integrating both static and dynamic measurements

in oncological research, enhancing our understanding of the varied

responses of tumors to different treatment regimens.
Toxicity and tolerance

Toxicity rates and postoperative complications were similar

between the SCRT and LCCRT arms. Both treatment approaches

were well tolerated, with comparable rates of grade ≥3 toxicities to

other trials (24.2%–47.6%) (9, 10, 33, 37). However, the LCCRT

group exhibited higher rates of late rectal toxicities. This contrasts
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with two studies that reported no significant difference in late toxicity

between LCCRT and SCRT (3, 4). Long-term effects on functional

outcomes and morbidities necessitate an extended follow-up.
Strengths and limitations

Our study has several strengths, including the strict use of pelvic

MRI as a standard staging tool to accurately define the extent of

locoregional disease. In line with recent randomized controlled

trials (9, 37), we utilized capecitabine as concurrent chemotherapy,

which is non-inferior to 5-fluorouracil or capecitabine plus

oxaliplatin and is more convenient for patients (41, 42). However,

our study has some limitations. These include a modest follow-up

period and inherent challenges associated with a single-institution

retrospective cohort. Heterogeneity in chemotherapy regimens

might have introduced confounding effects, although we

endeavored to adjust for such factors. Additionally, we

acknowledge the lack of explicit criteria for patient allocation to

either the SCRT or LCCRT group as a limitation. The allocation

process is influenced by a combination of clinical judgment, patient

preferences, and logistical considerations at the time of treatment

planning. This non-randomized approach might have introduced a

selection bias, potentially affecting the comparability between

groups and the generalizability of our findings. Although most

patients had comparable baseline characteristics and were treated

using contemporary radiotherapy techniques and consistent

medical support within the same institution, the absence of a

randomized allocation underscores the need for cautious

interpretation of our results.
Conclusion

Both LCCRT and SCRT, followed by consolidative

chemotherapy and TME, are feasible strategies. Despite the higher

late toxicity, this retrospective study suggests that the LCCRT

approach may achieve better oncological outcomes than SCRT,

warranting prospective confirmation. Future research should

explore radiation dose–effect associations for tumor control and

toxicity of radiotherapy and chemotherapy regimens, quality of

MRI and histological assessment, quality of life, long-term survival

outcomes, and local and distant relapse patterns.
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Neoadjuvant chemotherapy with FOLFIRINOX and preoperative chemoradiotherapy
for patients with locally advanced rectal cancer (UNICANCER-PRODIGE 23): a
multicentre, randomised, open-label, phase 3 trial. Lancet Oncol (2021) 22(5):702–
15. doi: 10.1016/S1470-2045(21)00079-6

34. Petrelli F, Trevisan F, Cabiddu M, Sgroi G, Bruschieri L, Rausa E, et al. Total
neoadjuvant therapy in rectal cancer: A systematic review and meta-analysis of treatment
outcomes. Ann surgery. (2020) 271(3):440–8. doi: 10.1097/SLA.0000000000003471

35. Riesco-Martinez MC, Fernandez-Martos C, Gravalos-Castro C, Espinosa-Olarte
P, La Salvia A, Robles-Diaz L, et al. Impact of total neoadjuvant therapy vs. Standard
chemoradiotherapy in locally advanced rectal cancer: A systematic review and meta-
analysis of randomized trials. Cancers (Basel) (2020) 12(12):3655. doi: 10.3390/
cancers12123655

36. Markovina S, Youssef F, Roy A, Aggarwal S, Khwaja S, DeWees T, et al.
Improved metastasis- and disease-free survival with preoperative sequential short-
course radiation therapy and FOLFOX chemotherapy for rectal cancer compared with
neoadjuvant long-course chemoradiotherapy: results of a matched pair analysis. Int J
Radiat Oncol Biol Phys (2017) 99(2):417–26. doi: 10.1016/j.ijrobp.2017.05.048

37. Jin J, Tang Y, Hu C, Jiang L-M, Jiang J, Li N, et al. Multicenter, randomized,
phase III trial of short-term radiotherapy plus chemotherapy versus long-term
chemoradiotherapy in locally advanced rectal cancer (STELLAR). J Clin Oncol
(2022) 40(15):1681–92. doi: 10.1200/JCO.21.01667

38. Dijkstra EA, Nilsson PJ, Hospers GAP, Bahadoer RR, Meershoek-Klein
Kranenbarg E, Roodvoets AGH, et al. Locoregional failure during and after short-
course radiotherapy followed by chemotherapy and surgery compared to long-course
chemoradiotherapy and surgery - A five-year follow-up of the RAPIDO trial. Ann
surgery. (2023) 278(4):e766–72. doi: 10.1097/SLA.0000000000005799

39. Breugom AJ, Swets M, Bosset J-F, Collette L, Sainato A, Cionini L, et al. Adjuvant
chemotherapy after preoperative (chemo)radiotherapy and surgery for patients with
rectal cancer: a systematic review and meta-analysis of individual patient data. Lancet
Oncol (2015) 16(2):200–7. doi: 10.1016/S1470-2045(14)71199-4
frontiersin.org

https://doi.org/10.1056/NEJMoa040694
https://doi.org/10.1016/S0140-6736(09)60484-0
https://doi.org/10.1002/bjs.5506
https://doi.org/10.1200/JCO.2012.42.9597
https://doi.org/10.1016/S1470-2045(17)30086-4
https://doi.org/10.1016/S1470-2045(17)30086-4
https://doi.org/10.1093/annonc/mdz186
https://doi.org/10.1093/annonc/mdz186
https://doi.org/10.1016/j.ijrobp.2013.12.028
https://doi.org/10.1200/JCO.2021.39.15_suppl.3510
https://doi.org/10.1016/S1470-2045(20)30555-6
https://doi.org/10.1016/S1470-2045(20)30555-6
https://doi.org/10.1093/annonc/mdw062
https://doi.org/10.1093/annonc/mdw062
https://doi.org/10.1016/j.ijrobp.2008.08.070
https://doi.org/10.1093/annonc/mdv223
https://doi.org/10.1111/codi.13724
https://doi.org/10.1016/j.ijrobp.2018.04.013
https://doi.org/10.1093/annonc/mdr473
https://doi.org/10.1245/s10434-010-0985-4
https://doi.org/10.3322/caac.21388
https://doi.org/10.1097/01.sla.0000133083.54934.ae
https://doi.org/10.1016/S1470-2045(20)30024-3
https://doi.org/10.1093/ije/dyr213
https://doi.org/10.1002/sim.8209
https://doi.org/10.1214/aos/1176350951
https://doi.org/10.1111/biom.12293
https://doi.org/10.1111/biom.12293
https://doi.org/10.1093/ckj/sfab158
https://doi.org/10.1080/01621459.1958.10501452
https://doi.org/10.1177/1536867X0100400112
https://doi.org/10.1016/S1470-2045(09)70381-X
https://doi.org/10.1016/S1470-2045(09)70381-X
https://doi.org/10.1093/annonc/mds056
https://doi.org/10.1016/S1470-2045(21)00079-6
https://doi.org/10.1097/SLA.0000000000003471
https://doi.org/10.3390/cancers12123655
https://doi.org/10.3390/cancers12123655
https://doi.org/10.1016/j.ijrobp.2017.05.048
https://doi.org/10.1200/JCO.21.01667
https://doi.org/10.1097/SLA.0000000000005799
https://doi.org/10.1016/S1470-2045(14)71199-4
https://doi.org/10.3389/fonc.2023.1284569
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Lee et al. 10.3389/fonc.2023.1284569
40. Chandramohan A, Siddiqi UM, Mittal R, Eapen A, Jesudason MR, Ram TS, et al.
Diffusion weighted imaging improves diagnostic ability of MRI for determining
complete response to neoadjuvant therapy in locally advanced rectal cancer. Eur J
Radiol Open (2020) 7:100223. doi: 10.1016/j.ejro.2020.100223

41. Hofheinz RD, Wenz F, Post S, Matzdorff A, Laechelt S, Hartmann JT, et al.
Chemoradiotherapy with capecitabine versus fluorouracil for locally advanced rectal
Frontiers in Oncology 11
cancer: a randomised, multicentre, non-inferiority, phase 3 trial. Lancet Oncol (2012)
13(6):579–88. doi: 10.1016/S1470-2045(12)70116-X

42. Schmoll HJ, Stein A, Van Cutsem E, Price T, Hofheinz RD, Nordlinger B, et al.
Pre- and postoperative capecitabine without or with oxaliplatin in locally advanced
rectal cancer: PETACC 6 trial by EORTC GITCG and ROG, AIO, AGITG, BGDO, and
FFCD. J Clin Oncol (2021) 39(1):17–29. doi: 10.1200/JCO.20.01740
frontiersin.org

https://doi.org/10.1016/j.ejro.2020.100223
https://doi.org/10.1016/S1470-2045(12)70116-X
https://doi.org/10.1200/JCO.20.01740
https://doi.org/10.3389/fonc.2023.1284569
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Neoadjuvant short-course radiotherapy or chemoradiation plus consolidative chemotherapy followed by radical operation for locally advanced rectal cancer
	Introduction
	Materials and methods
	Eligibility and assessments
	Treatment
	Toxicity assessments
	Study outcomes
	Statistical analysis

	Results
	Description of the cohort
	Treatment delivery
	Treatment response
	Survival outcomes
	Disease-related treatment failure
	Locoregional failure and distant metastasis
	Overall survival

	Toxicity

	Discussion
	Toxicity and tolerance
	Strengths and limitations

	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


