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other than colorectal, and death from all causes as events, 
had a hazard ratio of 0·75 (95% CI 0·60–0·93; p=0·010). 
However, according to this definition, patients are not 
disease free at the start of the curves, rather they are 
event free. Sensitivity analyses adjusting for possible 
time-related bias and separately for stratification factors 
showed similar results as the original analyses (appendix 
pp 12–13). Local recurrence in each group is shown in 
table 2.

In the experimental group, median time between 
conclusion of radiotherapy and start of chemotherapy 
was 14 days (IQR 12–17) in patients who started allocated 
treatment. In the standard of care group, the optional 
field reduction after 45 or 46 Gy, as described in the 
protocol, was done for 102 (23%) of 441 patients who 
started treatment. Among patients who started allocated 
treatment, one (<1%) of 460 patients in the experimental 
group and ten (2%) of 441 in the standard of care group 
were given an external beam boost. Dose reduction of 
chemotherapy occurred in 201 (44%) of 460 patients in 
the experimental group, in 25 (6%) of 441 patients in the 
standard of care group during preoperative therapy, and 
in 64 (34%) of 187 patients during adjuvant chemotherapy 
in the standard of care group. Of the patients who 
started allo cated treatment in the experimental group, 
454 (99%) of 460 started with CAPOX. In the experi-
mental group, 71 (15%) of 460 patients prematurely 
stopped pre operative chemo therapy. In the standard of 
care group, 40 (9%) of 441 patients prematurely stopped 
chemo therapy during preoperative (neoadjuvant) treat-
ment and 69 (37%) of 187 who started adjuvant chemo-
therapy prematurely stopped chemotherapy during 
adjuvant treat ment. Thus, in the experimental group, 
389 (85%) patients completed preoperative chemo-
therapy compared with 401 (90%) patients in the stan-
dard of care group who completed chemotherapy. 
Reasons for stopping chemo therapy were toxicity (in 
65 [14%] patients in the experi mental group, 32 [7%] in 
the standard of care group during preoperative 
treatment, and 60 [32%] in the standard of care group 
during adjuvant therapy), disease progression (in 
one [<1%] in the experimental group, two [<1%] in the 
standard of care group during pre operative treatment, 
and one [1%] in the standard of care group during 
adjuvant therapy), and other (in one [<1%] in the experi-
mental group, one [<1%] in the standard of care group 
during preoperative treatment, and three [2%] in 
the standard of care group during adjuvant therapy). 
Additional reasons in the experimental group were non-
compliance (one [<1%]), patient withdrew from study 
(two [<1%]), and unknown (one [<1%]). In the standard 
of care group, during preoperative treatment the 
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Figure 2: Cumulative probability of disease-related treatment failure (A), 
distant metastases (B), and locoregional failure (C)
HR=hazard ratio.
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treatment related [one pulmonary embolism, one neutro-
penic sepsis, one aspiration, one suicide due to severe 
depression]; 66 [82%] were related to rectal cancer; 
seven [9%] were due to a second primary tumour; and 
four [5%] were due to other causes; appendix p 20).

Analyses of quality-of-life data are to presented in a 
subsequent publication; here, we present the number 
of respondents. 3 years after resection, 602 (73%) of 
821 patients received quality-of-life question naires (318 in 
the experimental group and 284 in the standard of 
care group; figure 1). Responses were obtained from 
517 (86%) of 602 patients (274 in the experimental group 
and 243 in the standard of care group), of whom four (1%) 
did not respond in full. Among 211 (26%) of 821 patients 
who did not have a disease-related treatment failure and 
who did not have a stoma, 207 (98%) responded to the 
LARS questionnaire on bowel function (116 in the 
experimental group and 91 in the standard of care group). 
In total, 402 (78%) of 517 patients completed the 
QLQ-CIPN20 questionnaire on neurotoxicity (217 in the 
experimental group, 109 in the standard of care group 
without adjuvant chemotherapy, and 76 in the standard of 
care group with adjuvant chemotherapy). The question-
naire responses are to be reported in a subsequent 
publication.

Subgroup analyses of disease-related treatment failure 
according to baseline characteristics were consistently in 
favour of the experimental group (appendix p 21). Of the 
54 participating centres, 28 (52%) opted to administer 
adjuvant chemotherapy in the standard of care group. In 
sensitivity analyses, within the standard of care group, 
hospital policy on adjuvant chemotherapy did not affect 
the probability of disease-related treatment failure at 
3 years (HR 1·18 [95% CI 0·85–1·64]; p=0·32). Comparing 
hospitals with and without adjuvant chemotherapy 
policies in the standard of care group, similar probabilities 

of distant metastases (28·5% [95% CI 23·1–34·0] vs 
24·4% [18·2–30·6]; p=0·34) and locoregional failure 
(7·2% [4·1–10·4] vs 4·3% [1·7–7·3]; p=0·20) were seen.

Among the 912 eligible patients, 25 (3%) were followed 
up according to the watch-and-wait strategy due to a 
clinical complete response (14 in the experimental group 
and 11 in the standard of care group). In the experimental 
group, two (14%) of 14 patients developed distant 
metastasis and one (7%) developed local regrowth; and in 
the standard of care group, one (9%) of 11 patients 
developed distant metastasis, one (9%) developed local 
regrowth, and one (9%) simultaneously developed 
distant metastasis and local regrowth (appendix p 22).

Discussion
In this study, we found that patients treated with short-
course radiotherapy followed by 18 weeks of systemic 
chemotherapy before surgery have a significantly lower 
probability of disease-related treatment failure at 3 years 
after randomisation than do patients undergoing 
standard of care chemoradiotherapy followed by optional 
adjuvant chemotherapy after surgery. Hospital policy 
regarding the use of adjuvant chemotherapy did not affect 
disease-related treatment failure in the standard of care 
group. Additionally, with the experimental treat ment, the 
pathological complete response rate was double that in 
the standard of care group. Given the increased tendency 
to refrain from surgery in patients with a clinical complete 
response after pre operative treatment, the experimental 
treatment offers the potential opportunity for patients 
seeking organ preservation.

The lower probability of disease-related treatment 
failure in the experimental group than in the standard of 
care group can mainly be attributed to a decreased rate 
of distant metastases. A possible explanation for this 
reduction in distant metastases might be better com-
pliance to preoperative chemotherapy in the experimental 
group than with adjuvant chemotherapy when offered in 
the standard of care group;9 patients are generally in 
better condition before than after surgery. Fewer weeks 
of chemotherapy (18 weeks preoperatively vs 24 weeks 
postoperatively) could also have contributed to better 
compliance in the experimental group than in the 
standard of care group, and did not result in reduced 
efficacy. Justification for a reduced number of chemo-
therapy cycles has emerged in several adjuvant colon 
cancer trials, showing that 3 months of CAPOX is non-
inferior to 6 months of CAPOX in terms of disease-free 
survival.18,19 Predefined hospital policy regarding the use 
of adjuvant chemotherapy did not affect disease-related 
treatment failure in the standard of care group, sug-
gesting that the efficacy of postoperative chemo therapy 
might be low.20,21 Systemic chemotherapy in the experi -
mental group started approximately 18 weeks earlier 
than in the standard of care group, potentially leading to 
more effective eradication of possible micro metastases. 
Although some guidelines exclude proximal rectal 
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protocol, was done for 102 (23%) of 441 patients who 
started treatment. Among patients who started allocated 
treatment, one (<1%) of 460 patients in the experimental 
group and ten (2%) of 441 in the standard of care group 
were given an external beam boost. Dose reduction of 
chemotherapy occurred in 201 (44%) of 460 patients in 
the experimental group, in 25 (6%) of 441 patients in the 
standard of care group during preoperative therapy, and 
in 64 (34%) of 187 patients during adjuvant chemotherapy 
in the standard of care group. Of the patients who 
started allo cated treatment in the experimental group, 
454 (99%) of 460 started with CAPOX. In the experi-
mental group, 71 (15%) of 460 patients prematurely 
stopped pre operative chemo therapy. In the standard of 
care group, 40 (9%) of 441 patients prematurely stopped 
chemo therapy during preoperative (neoadjuvant) treat-
ment and 69 (37%) of 187 who started adjuvant chemo-
therapy prematurely stopped chemotherapy during 
adjuvant treat ment. Thus, in the experimental group, 
389 (85%) patients completed preoperative chemo-
therapy compared with 401 (90%) patients in the stan-
dard of care group who completed chemotherapy. 
Reasons for stopping chemo therapy were toxicity (in 
65 [14%] patients in the experi mental group, 32 [7%] in 
the standard of care group during preoperative 
treatment, and 60 [32%] in the standard of care group 
during adjuvant therapy), disease progression (in 
one [<1%] in the experimental group, two [<1%] in the 
standard of care group during pre operative treatment, 
and one [1%] in the standard of care group during 
adjuvant therapy), and other (in one [<1%] in the experi-
mental group, one [<1%] in the standard of care group 
during preoperative treatment, and three [2%] in 
the standard of care group during adjuvant therapy). 
Additional reasons in the experimental group were non-
compliance (one [<1%]), patient withdrew from study 
(two [<1%]), and unknown (one [<1%]). In the standard 
of care group, during preoperative treatment the 
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Figure 2: Cumulative probability of disease-related treatment failure (A), 
distant metastases (B), and locoregional failure (C)
HR=hazard ratio.

Disease Related Treatment Failure

Bahadoer RR Lancet 2021



12

Locoregional
Recurrence

C. Marijnen LGI ESTRO Course Florence 2023



13

5x5 Gy S Dutch trial

5x5 Gy S Stockholm trial

S5x5 Gy CT RAPIDO trial

SCRT CT CAO-ARO-AIO 12

SCRT CT CAO-ARO-AIO 04

SPROSPECT Prospect trial

Immunotherapy

SCRTCT Prodige 23

Where are we going?

MSKCC Cercek



The new england  
journal of medicine

n engl j med 386;25 nejm.org June 23, 2022 2363

established in 1812 June 23, 2022 vol. 386 no. 25

The authors’ full names, academic de-
grees, and affiliations are listed in the Ap-
pendix. Dr. Cercek can be contacted at 
 cerceka@  mskcc . org or at Memorial 
Sloan Kettering Cancer Center, 1275 York 
Ave., New York, NY 10065. Dr. Diaz can 
be contacted at  ldiaz@  mskcc . org or at 
Memorial Sloan Kettering Cancer Center, 
1275 York Ave., New York, NY 10065.

This article was published on June 5, 
2022, at NEJM.org.

N Engl J Med 2022;386:2363-76.
DOI: 10.1056/NEJMoa2201445
Copyright © 2022 Massachusetts Medical Society.

BACKGROUND
Neoadjuvant chemotherapy and radiation followed by surgical resection of the rec-
tum is a standard treatment for locally advanced rectal cancer. A subset of rectal 
cancer is caused by a deficiency in mismatch repair. Because mismatch repair–defi-
cient colorectal cancer is responsive to programmed death 1 (PD-1) blockade in the 
context of metastatic disease, it was hypothesized that checkpoint blockade could be 
effective in patients with mismatch repair–deficient, locally advanced rectal cancer.

METHODS
We initiated a prospective phase 2 study in which single-agent dostarlimab, an 
anti–PD-1 monoclonal antibody, was administered every 3 weeks for 6 months in 
patients with mismatch repair–deficient stage II or III rectal adenocarcinoma. This 
treatment was to be followed by standard chemoradiotherapy and surgery. Patients 
who had a clinical complete response after completion of dostarlimab therapy 
would proceed without chemoradiotherapy and surgery. The primary end points 
are sustained clinical complete response 12 months after completion of dostar-
limab therapy or pathological complete response after completion of dostarlimab 
therapy with or without chemoradiotherapy and overall response to neoadjuvant 
dostarlimab therapy with or without chemoradiotherapy.

RESULTS
A total of 12 patients have completed treatment with dostarlimab and have under-
gone at least 6 months of follow-up. All 12 patients (100%; 95% confidence inter-
val, 74 to 100) had a clinical complete response, with no evidence of tumor on 
magnetic resonance imaging, 18F-fluorodeoxyglucose–positron-emission tomogra-
phy, endoscopic evaluation, digital rectal examination, or biopsy. At the time of 
this report, no patients had received chemoradiotherapy or undergone surgery, and 
no cases of progression or recurrence had been reported during follow-up (range, 
6 to 25 months). No adverse events of grade 3 or higher have been reported.

CONCLUSIONS
Mismatch repair–deficient, locally advanced rectal cancer was highly sensitive to 
single-agent PD-1 blockade. Longer follow-up is needed to assess the duration of 
response. (Funded by the Simon and Eve Colin Foundation and others; Clinical-
Trials.gov number, NCT04165772.)

a bs tr ac t

PD-1 Blockade in Mismatch Repair–Deficient, Locally 
Advanced Rectal Cancer

A. Cercek, M. Lumish, J. Sinopoli, J. Weiss, J. Shia, M. Lamendola-Essel, I.H. El Dika, N. Segal, M. Shcherba, 
R. Sugarman, Z. Stadler, R. Yaeger, J.J. Smith, B. Rousseau, G. Argiles, M. Patel, A. Desai, L.B. Saltz, M. Widmar, 

K. Iyer, J. Zhang, N. Gianino, C. Crane, P.B. Romesser, E.P. Pappou, P. Paty, J. Garcia-Aguilar, M. Gonen, 
M. Gollub, M.R. Weiser, K.A. Schalper, and L.A. Diaz, Jr.  

CME
at NEJM.org

The New England Journal of Medicine 
Downloaded from nejm.org on January 25, 2023. For personal use only. No other uses without permission. 

 Copyright © 2022 Massachusetts Medical Society. All rights reserved. 

MMR deficiency

Dostarlimab 6 months every 3 weeks

Followed by CRT if not CR

Followed by surgery if not CR

Immunotherapy



n engl j med 386;25 nejm.org June 23, 20222370

T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

B Patient 9

A Patient 2

Baseline

Endoscopy

Rectal MRI

FDG-PET

3 Mo 6 Mo

Baseline

Endoscopy

Rectal MRI

FDG-PET

3 Mo 6 Mo

The New England Journal of Medicine 
Downloaded from nejm.org on January 25, 2023. For personal use only. No other uses without permission. 

 Copyright © 2022 Massachusetts Medical Society. All rights reserved. 

n engl j med 386;25 nejm.org June 23, 20222370

T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

B Patient 9

A Patient 2

Baseline

Endoscopy

Rectal MRI

FDG-PET

3 Mo 6 Mo

Baseline

Endoscopy

Rectal MRI

FDG-PET

3 Mo 6 Mo

The New England Journal of Medicine 
Downloaded from nejm.org on January 25, 2023. For personal use only. No other uses without permission. 

 Copyright © 2022 Massachusetts Medical Society. All rights reserved. 
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Immune therapy in rectal cancer



16

PROSPECT trial



17

n engl j med   nejm.org 2

T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

Pelvic chemoradiotherapy for lo-
cally advanced rectal cancer reduces the 
risk of disease recurrence in the pelvis to 

less than 10% and has been standard care in 
North America since 1990.1-6 However, it is as-
sociated with short-term and long-term toxic 
effects7-9 that can adversely affect quality of life 
and physical function.8 In 2004, a randomized 
trial established the superiority of preoperative 
to postoperative pelvic chemoradiotherapy with 
fluorouracil sensitization.10 Also in 2004, post-
operative (adjuvant) chemotherapy with the 
FOLFOX regimen, which combines fluorouracil, 
leucovorin, and oxaliplatin, was found to pro-
long disease-free survival as compared with 
fluorouracil alone among patients with stage III 
colon cancer.11 FOLFOX has also been shown to 
be associated with high response rates when 
administered before chemoradiotherapy.2,12

These findings motivated us to investigate 
whether neoadjuvant treatment with FOLFOX 
could allow the elimination of chemoradiother-
apy without increasing the risk of recurrence. In 
a single-center pilot trial of neoadjuvant FOLFOX 
in which administration of chemoradiotherapy 
was reserved for patients whose tumors did not 
respond to chemotherapy, we found favorable 
outcomes, with few patients going on to receive 
radiation and none having local disease recur-
rence.13 On the basis of these results, we designed 
the PROSPECT trial (Chemotherapy Alone or Che-
motherapy Plus Radiation Therapy in Treating 
Patients with Locally Advanced Rectal Cancer 
Undergoing Surgery) to test the hypothesis that 
neoadjuvant FOLFOX, with chemoradiotherapy 
reserved for patients whose tumors responded 
poorly or in whom FOLFOX was discontinued 
because of side effects, would be noninferior to 
neoadjuvant chemoradiotherapy alone in patients 
with locally advanced rectal cancer that was ame-
nable to sphincter-sparing surgery.

Me thods

Trial Design and Patients
We conducted a multicenter, unblinded, random-
ized, noninferiority trial with a seamless phase 
2–3 design; the trial was sponsored by the Alli-
ance for Clinical Trials in Oncology (Alliance, a 
cooperative research network funded by the Na-
tional Cancer Institute) and was conducted in 
Canada, Switzerland, and the United States at 

264 academic and community-based institutions 
(see the protocol, available with the full text of 
this article at NEJM.org). We recruited patients 
18 years of age or older who had previously un-
treated, pathologically confirmed, locally advanced 
rectal cancer that had been clinically staged as 
T2 node-positive, T3 node-negative, or T3 node-
positive (Table S1 in the Supplementary Appen-
dix, available at NEJM.org) on the basis of the tu-
mor–node–metastasis system in the Cancer Staging 
Manual of the American Joint Committee on Can-
cer, 7th edition. For a patient to be eligible, the 
patient’s primary surgeon had to consider neoadju-
vant pelvic chemoradiotherapy followed by a 
sphincter-sparing operation as the appropriate 
treatment approach. Participants had to have an 
Eastern Cooperative Oncology Group (ECOG) per-
formance-status score of 0, 1, or 2 (scores range 
from 0 to 5, with higher scores indicating greater 
disability). Patients with T4 tumors, four or more 
pelvic lymph nodes with a short axis larger than 
10 mm, or tumor visible within 3 mm of the 
radial margin seen on baseline pelvic imaging 
were ineligible. Among the other exclusion crite-
ria were previous pelvic radiation therapy, chemo-
therapy within the previous 5 years, or abnormal 
laboratory measures.

Trial Oversight
The trial was conducted in accordance with the 
principles of the Declaration of Helsinki and the 
International Council for Harmonisation Good 
Clinical Practice guidelines. The protocol was ap-
proved by the institutional review board at each 
participating institution or by the National Can-
cer Institute (NCI) central institutional review 
board. All the patients provided written informed 
consent before enrollment. The trial was moni-
tored by the Alliance data and safety monitoring 
board twice per year. In April 2016, the data and 
safety monitoring board determined that the 
phase 2 data met the criteria for seamlessly pro-
ceeding to the phase 3 trial. Because fewer re-
currences and deaths were noted than had been 
projected, the coprimary end points of disease-
free survival and local recurrence (in a time-to-
event analysis) were modified to disease-free sur-
vival alone. The statistical redesign was led by an 
independent statistician who was unaware of the 
trial data in collaboration with the NCI Cancer 
Therapy Evaluation Program and was approved 
by the data and safety monitoring board in May 
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cally advanced rectal cancer reduces the 
risk of disease recurrence in the pelvis to 

less than 10% and has been standard care in 
North America since 1990.1-6 However, it is as-
sociated with short-term and long-term toxic 
effects7-9 that can adversely affect quality of life 
and physical function.8 In 2004, a randomized 
trial established the superiority of preoperative 
to postoperative pelvic chemoradiotherapy with 
fluorouracil sensitization.10 Also in 2004, post-
operative (adjuvant) chemotherapy with the 
FOLFOX regimen, which combines fluorouracil, 
leucovorin, and oxaliplatin, was found to pro-
long disease-free survival as compared with 
fluorouracil alone among patients with stage III 
colon cancer.11 FOLFOX has also been shown to 
be associated with high response rates when 
administered before chemoradiotherapy.2,12

These findings motivated us to investigate 
whether neoadjuvant treatment with FOLFOX 
could allow the elimination of chemoradiother-
apy without increasing the risk of recurrence. In 
a single-center pilot trial of neoadjuvant FOLFOX 
in which administration of chemoradiotherapy 
was reserved for patients whose tumors did not 
respond to chemotherapy, we found favorable 
outcomes, with few patients going on to receive 
radiation and none having local disease recur-
rence.13 On the basis of these results, we designed 
the PROSPECT trial (Chemotherapy Alone or Che-
motherapy Plus Radiation Therapy in Treating 
Patients with Locally Advanced Rectal Cancer 
Undergoing Surgery) to test the hypothesis that 
neoadjuvant FOLFOX, with chemoradiotherapy 
reserved for patients whose tumors responded 
poorly or in whom FOLFOX was discontinued 
because of side effects, would be noninferior to 
neoadjuvant chemoradiotherapy alone in patients 
with locally advanced rectal cancer that was ame-
nable to sphincter-sparing surgery.

Me thods

Trial Design and Patients
We conducted a multicenter, unblinded, random-
ized, noninferiority trial with a seamless phase 
2–3 design; the trial was sponsored by the Alli-
ance for Clinical Trials in Oncology (Alliance, a 
cooperative research network funded by the Na-
tional Cancer Institute) and was conducted in 
Canada, Switzerland, and the United States at 

264 academic and community-based institutions 
(see the protocol, available with the full text of 
this article at NEJM.org). We recruited patients 
18 years of age or older who had previously un-
treated, pathologically confirmed, locally advanced 
rectal cancer that had been clinically staged as 
T2 node-positive, T3 node-negative, or T3 node-
positive (Table S1 in the Supplementary Appen-
dix, available at NEJM.org) on the basis of the tu-
mor–node–metastasis system in the Cancer Staging 
Manual of the American Joint Committee on Can-
cer, 7th edition. For a patient to be eligible, the 
patient’s primary surgeon had to consider neoadju-
vant pelvic chemoradiotherapy followed by a 
sphincter-sparing operation as the appropriate 
treatment approach. Participants had to have an 
Eastern Cooperative Oncology Group (ECOG) per-
formance-status score of 0, 1, or 2 (scores range 
from 0 to 5, with higher scores indicating greater 
disability). Patients with T4 tumors, four or more 
pelvic lymph nodes with a short axis larger than 
10 mm, or tumor visible within 3 mm of the 
radial margin seen on baseline pelvic imaging 
were ineligible. Among the other exclusion crite-
ria were previous pelvic radiation therapy, chemo-
therapy within the previous 5 years, or abnormal 
laboratory measures.

Trial Oversight
The trial was conducted in accordance with the 
principles of the Declaration of Helsinki and the 
International Council for Harmonisation Good 
Clinical Practice guidelines. The protocol was ap-
proved by the institutional review board at each 
participating institution or by the National Can-
cer Institute (NCI) central institutional review 
board. All the patients provided written informed 
consent before enrollment. The trial was moni-
tored by the Alliance data and safety monitoring 
board twice per year. In April 2016, the data and 
safety monitoring board determined that the 
phase 2 data met the criteria for seamlessly pro-
ceeding to the phase 3 trial. Because fewer re-
currences and deaths were noted than had been 
projected, the coprimary end points of disease-
free survival and local recurrence (in a time-to-
event analysis) were modified to disease-free sur-
vival alone. The statistical redesign was led by an 
independent statistician who was unaware of the 
trial data in collaboration with the NCI Cancer 
Therapy Evaluation Program and was approved 
by the data and safety monitoring board in May 
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BACKGROUND
Pelvic radiation plus sensitizing chemotherapy with a fluoropyrimidine (chemora-
diotherapy) before surgery is standard care for locally advanced rectal cancer in 
North America. Whether neoadjuvant chemotherapy with fluorouracil, leucovorin, 
and oxaliplatin (FOLFOX) can be used in lieu of chemoradiotherapy is uncertain.
METHODS
We conducted a multicenter, unblinded, noninferiority, randomized trial of neoad-
juvant FOLFOX (with chemoradiotherapy given only if the primary tumor de-
creased in size by <20% or if FOLFOX was discontinued because of side effects) as 
compared with chemoradiotherapy. Adults with rectal cancer that had been clini-
cally staged as T2 node-positive, T3 node-negative, or T3 node-positive who were 
candidates for sphincter-sparing surgery were eligible to participate. The primary 
end point was disease-free survival. Noninferiority would be claimed if the upper 
limit of the two-sided 90.2% confidence interval of the hazard ratio for disease 
recurrence or death did not exceed 1.29. Secondary end points included overall 
survival, local recurrence (in a time-to-event analysis), complete pathological re-
section, complete response, and toxic effects.
RESULTS
From June 2012 through December 2018, a total of 1194 patients underwent ran-
domization and 1128 started treatment; among those who started treatment, 585 
were in the FOLFOX group and 543 in the chemoradiotherapy group. At a median 
follow-up of 58 months, FOLFOX was noninferior to chemoradiotherapy for dis-
ease-free survival (hazard ratio for disease recurrence or death, 0.92; 90.2% con-
fidence interval [CI], 0.74 to 1.14; P = 0.005 for noninferiority). Five-year disease-
free survival was 80.8% (95% CI, 77.9 to 83.7) in the FOLFOX group and 78.6% 
(95% CI, 75.4 to 81.8) in the chemoradiotherapy group. The groups were similar 
with respect to overall survival (hazard ratio for death, 1.04; 95% CI, 0.74 to 1.44) 
and local recurrence (hazard ratio, 1.18; 95% CI, 0.44 to 3.16). In the FOLFOX 
group, 53 patients (9.1%) received preoperative chemoradiotherapy and 8 (1.4%) 
received postoperative chemoradiotherapy.
CONCLUSIONS
In patients with locally advanced rectal cancer who were eligible for sphincter-
sparing surgery, preoperative FOLFOX was noninferior to preoperative chemora-
diotherapy with respect to disease-free survival. (Funded by the National Cancer 
Institute; PROSPECT ClinicalTrials.gov number, NCT01515787.)
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penia, diarrhea, and hypertension, in 8.3%, 6.4% 
and 1.7% of the patients, respectively.

Among the patients who received any adju-
vant therapy (Table S2B), severe (grade ≥3) post-
operative adverse events occurred in a lower 
percentage of patients in the FOLFOX group 
than in the chemoradiotherapy group (25.6% vs. 
32.6%). The most commonly reported postoper-
ative grade 3 or higher toxic effects were neutro-
penia (in 3.9% of the patients), diarrhea (in 2.7%), 
and hyponatremia (in 2.3%) in the FOLFOX 
group and diarrhea (in 5.2%), dehydration (in 
4.3%), and lymphopenia (in 4.3%) in the chemo-
radiotherapy group. No unanticipated toxic ef-
fects of either FOLFOX or chemoradiotherapy 
were observed.

Discussion

In patients with rectal cancer that had been 
clinically staged as T2 node-positive, T3 node-
negative, or T3 node-positive who were candi-
dates for sphincter-sparing surgery, neoadjuvant 
FOLFOX and selective use of pelvic chemoradio-
therapy was noninferior to the current North 
American standard of neoadjuvant pelvic chemo-
radiotherapy with respect to disease-free surviv-
al. Among the patients assigned to receive neo-
adjuvant FOLFOX, 89.6% were ultimately able to 
avoid receiving chemoradiotherapy. Overall sur-
vival was also similar with the two treatment 
strategies.

The percentage of patients free from local 
recurrence was also similar in the two groups 
and exceeded 98% at 5 years. The major benefit 
of pelvic radiation therapy that has been shown 
in previous clinical trials is a decrease in the risk 

of pelvic recurrence.5,6,17,18 The very low incidence 
of local recurrence seen in the FOLFOX group in 
our trial supports the premise underpinning the 
trial: modern therapies, including staging MRI, 
chemotherapy with oxaliplatin and a fluoropy-
rimidine, and total mesorectal excision, obviate 
the need for universal application of pelvic ra-
diation. The incidence of local recurrence was 
even lower than that reported in previous trials, 
most likely because the previous trials, including 
the Neoadjuvant FOLFOX6 Chemotherapy with 
or without Radiation in Rectal Cancer (FOWARC) 
trial,19 included patients who could not undergo 
sphincter-sparing surgery or who had other 
high-risk features. In that trial of neoadjuvant 
therapy, 165 patients were randomly assigned to 
receive FOLFOX and 165 to receive chemoradio-
therapy, and 3-year disease-free survival was 
72.9% and 73.5%, respectively.19

Most trial participants (61.8%) had clinical 
evidence of enlarged lymph nodes that were likely 
to contain a tumor, and most tumors were in the 
mid-rectum, with a median distance of 8 cm 
from the anal verge. When the trial was de-
signed in 2011, concern was expressed about 
compromising the low incidence of local recur-
rence that would be expected to occur with ad-
ministration of neoadjuvant pelvic radiation. 
Therefore, patients who were thought to be at 
high risk for incomplete resection, such as those 
with T4 stage disease or low-lying tumors, were 
excluded. Patients with four or more pelvic 
lymph nodes with a short axis measuring more 
than 10 mm were also excluded, although it is 
plausible that such patients might have the most 
to gain from neoadjuvant FOLFOX therapy.

Because our trial was launched in 2012, alter-
native approaches to the treatment of rectal 
cancer have emerged. The Rectal Cancer and 
Pre-operative Induction Therapy Followed by 
Dedicated Operation (RAPIDO) trial20 evaluated 
short-course pelvic radiation with preoperative 
CAPOX as compared with chemoradiotherapy 
and discretionary use of postoperative CAPOX. 
Although treatment for the control groups was 
similar in the two trials, the RAPIDO trial en-
rolled patients with high-risk tumors (e.g., T4) 
who were excluded from our trial, and differ-
ences in eligibility account for the higher inci-
dence of recurrence in the RAPIDO trial.20 That 
trial showed that preoperative short-course ra-
diation and chemotherapy were associated with 

Figure 2 (facing page). Noninferiority Margin and  
Kaplan–Meier Curves for Disease-free Survival, Overall 
Survival, and Freedom from Local Recurrence.

In Panel A, the dashed line at a hazard ratio of 1.29 in-
dicates the noninferiority margin. Values to the left of 
1.29 are those for which FOLFOX with selective use of 
chemoradiotherapy would be considered noninferior to 
chemoradiotherapy alone with respect to disease-free 
survival. The adjusted hazard ratio was estimated with 
a multivariable Cox model with adjustment for age and 
nodal status (node-positive vs. node-negative). The 
widths of the confidence intervals in Panels C and D 
have not been adjusted for multiplicity, and therefore 
these intervals should not be used to infer definitive 
treatment effects. NI denotes noninferiority.

The New England Journal of Medicine 
Downloaded from nejm.org at Istituto Nazionale per la Ricerca sul Cancro – Genova on June 4, 2023. For personal use only. No other uses without permission. 

 Copyright © 2023 Massachusetts Medical Society. All rights reserved. 

disease-free survival

E
N
D
P
O
I
N
T
S

NON INFERIORITY

A total of 1128 patients (585 in the FOLFOX group 
and 543 in the chemoradiotherapy group) 
Resectable, with SS

FOLFOX group
10.4% received chemoradiotherapy

R
E
S
U
L
T
S

T2N1, T3N0, or T3N1 who are candidates for 
curative intent sphincter sparing

P
O
P
U
L
A
T
I
O
N



19

management of rectal cancer have emerged. For example,
total neoadjuvant therapy with 5FUCRT and chemotherapy
followed by nonoperative management has potential to
spare some patients themorbidity of surgery although this is
offset by the need for close surveillance and high rates of
recurrence in others.36 Other approaches include immuno-
therapy alone as a curative strategy for the subset of patients
withmismatch repair-deficient rectal cancer.37 It is plausible
that these approaches further decrease adverse symptoms
and improve HRQL but there are not yet prospective trials
comparing these strategies to 5FUCRT. A previous trial
compared neoadjuvant short course radiation followed by
chemotherapy to neoadjuvant 5FUCRT followed by adjuvant
chemotherapy in a higher risk population of patients with
rectal cancer than those recruited to PROSPECT and found
that long-term quality of life outcomes were similar.34

This study has several limitations. When the trial was
designed, clinicians were concerned that omission of radi-
ation could compromise clinical outcomes, and therefore,
patients with high-risk features such as T4 tumors or distal
tumors requiring an abdominoperineal resection were ex-
cluded. Accordingly, these findings pertain to patients with

moderate risk locally advanced tumors who were candidates
for sphincter-sparing surgery at presentation. A prespecified
set of symptoms was assessed, and there may have been
other salient symptoms in this population, although there
was a free-text option for patients to write in additional
symptoms, which was previously examined in a pooled
analysis.38 Although sexual function was assessed, repro-
ductive outcomes were not analyzed, which may be im-
portant to patients of child-bearing age. Other domains such
as patient preference (eg, time on treatment, convenience of
treatment) also were not included. Not all enrolled patients
were included in the PRO collection, althoughmost provided
data for PRO-CTCAE (940 of 1,128 [83.3%]) and a smaller
prespecified subset for HRQL (373 of 604 [61.8%]). Baseline
characteristics were similar between those completing PROs
in these two subgroups and the overall per-protocol trial
population. Nonetheless, there may have been informative
missing data because of patients who dropped out or did not
complete PROs, although PRO completion rates were gen-
erally high in this trial.20 The overall trial population was
predominantly White and based in the United States and
Canada and therefore does not reflect the diversity of pa-
tients facing treatment decisions for locally advanced rectal
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In fact, this trial is a landmark for the NCI’s PRO-CTCAE.
Although now used widely in oncology drug development, to
our knowledge, PROSPECT was the first large trial into which
the PRO-CTCAE was embedded. The US Food and Drug
Administration and other international regulatory authorities

now encourage assessment of patient-reported symptomatic
adverse events in cancer drug development.9,10

Since the PROSPECT trial was conceived and began re-
cruitment in 2012, a variety of other strategies for
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FIG 2. PRO-CTCAE composite score distributions for each symptomduring the neoadjuvant treatment period and 12months after surgery, adjusted
for baseline symptoms. Higher scores (represented by darker colors) are worse. The lightest color shading represents a score of zero. Column labels
(n) show the number of subjects with an observed score. 5FUCRT, chemoradiation with fluorouracil; FOLFOX, fluorouracil and oxaliplatin; PRO-
CTCAE, Patient-Reported Outcomes version of the Common Terminology Criteria for Adverse Events. (continued on following page)
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management of rectal cancer have emerged. For example,
total neoadjuvant therapy with 5FUCRT and chemotherapy
followed by nonoperative management has potential to
spare some patients themorbidity of surgery although this is
offset by the need for close surveillance and high rates of
recurrence in others.36 Other approaches include immuno-
therapy alone as a curative strategy for the subset of patients
withmismatch repair-deficient rectal cancer.37 It is plausible
that these approaches further decrease adverse symptoms
and improve HRQL but there are not yet prospective trials
comparing these strategies to 5FUCRT. A previous trial
compared neoadjuvant short course radiation followed by
chemotherapy to neoadjuvant 5FUCRT followed by adjuvant
chemotherapy in a higher risk population of patients with
rectal cancer than those recruited to PROSPECT and found
that long-term quality of life outcomes were similar.34

This study has several limitations. When the trial was
designed, clinicians were concerned that omission of radi-
ation could compromise clinical outcomes, and therefore,
patients with high-risk features such as T4 tumors or distal
tumors requiring an abdominoperineal resection were ex-
cluded. Accordingly, these findings pertain to patients with

moderate risk locally advanced tumors who were candidates
for sphincter-sparing surgery at presentation. A prespecified
set of symptoms was assessed, and there may have been
other salient symptoms in this population, although there
was a free-text option for patients to write in additional
symptoms, which was previously examined in a pooled
analysis.38 Although sexual function was assessed, repro-
ductive outcomes were not analyzed, which may be im-
portant to patients of child-bearing age. Other domains such
as patient preference (eg, time on treatment, convenience of
treatment) also were not included. Not all enrolled patients
were included in the PRO collection, althoughmost provided
data for PRO-CTCAE (940 of 1,128 [83.3%]) and a smaller
prespecified subset for HRQL (373 of 604 [61.8%]). Baseline
characteristics were similar between those completing PROs
in these two subgroups and the overall per-protocol trial
population. Nonetheless, there may have been informative
missing data because of patients who dropped out or did not
complete PROs, although PRO completion rates were gen-
erally high in this trial.20 The overall trial population was
predominantly White and based in the United States and
Canada and therefore does not reflect the diversity of pa-
tients facing treatment decisions for locally advanced rectal
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In fact, this trial is a landmark for the NCI’s PRO-CTCAE.
Although now used widely in oncology drug development, to
our knowledge, PROSPECT was the first large trial into which
the PRO-CTCAE was embedded. The US Food and Drug
Administration and other international regulatory authorities

now encourage assessment of patient-reported symptomatic
adverse events in cancer drug development.9,10

Since the PROSPECT trial was conceived and began re-
cruitment in 2012, a variety of other strategies for
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FIG 2. PRO-CTCAE composite score distributions for each symptomduring the neoadjuvant treatment period and 12months after surgery, adjusted
for baseline symptoms. Higher scores (represented by darker colors) are worse. The lightest color shading represents a score of zero. Column labels
(n) show the number of subjects with an observed score. 5FUCRT, chemoradiation with fluorouracil; FOLFOX, fluorouracil and oxaliplatin; PRO-
CTCAE, Patient-Reported Outcomes version of the Common Terminology Criteria for Adverse Events. (continued on following page)
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FIG 3. Mean changes from baseline between groups during neoadjuvant treatment (1-2 weeks before surgery) and at 12 and 24 months after
surgery for (A) bladder function (bladder emptying question from the International Prostate Symptom Score, administered both to males and
females); (B) bowel function (Memorial Sloan Kettering Bowel Function Instrument Aggregate Global Score); (C) male sexual function (In-
ternational Index of Erectile Function Total Score, administered to males only); (D) female sexual function (Female Sexual Function Index Total
Score, administered to females only); and (E) overall health-related quality of life (EuroQoL EQ-5D-5L Index). Positive values represent im-
provement compared with baseline for all scales. Means were estimated using a general linear mixed model for each scale. Between-group
differences with raw P < .05 are demarcated with a and P < .01 with b. The results for all domain subscales are shown in the Data Supplement.
aBetween-group difference raw P < .05. bBetween-group difference raw P < .01 (12 months only: multiplicity-adjusted P < .05). 5FUCRT, chemo-
radiation with fluorouracil; FOLFOX, fluorouracil and oxaliplatin.
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FIG 3. Mean changes from baseline between groups during neoadjuvant treatment (1-2 weeks before surgery) and at 12 and 24 months after
surgery for (A) bladder function (bladder emptying question from the International Prostate Symptom Score, administered both to males and
females); (B) bowel function (Memorial Sloan Kettering Bowel Function Instrument Aggregate Global Score); (C) male sexual function (In-
ternational Index of Erectile Function Total Score, administered to males only); (D) female sexual function (Female Sexual Function Index Total
Score, administered to females only); and (E) overall health-related quality of life (EuroQoL EQ-5D-5L Index). Positive values represent im-
provement compared with baseline for all scales. Means were estimated using a general linear mixed model for each scale. Between-group
differences with raw P < .05 are demarcated with a and P < .01 with b. The results for all domain subscales are shown in the Data Supplement.
aBetween-group difference raw P < .05. bBetween-group difference raw P < .01 (12 months only: multiplicity-adjusted P < .05). 5FUCRT, chemo-
radiation with fluorouracil; FOLFOX, fluorouracil and oxaliplatin.
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FIG 3. Mean changes from baseline between groups during neoadjuvant treatment (1-2 weeks before surgery) and at 12 and 24 months after
surgery for (A) bladder function (bladder emptying question from the International Prostate Symptom Score, administered both to males and
females); (B) bowel function (Memorial Sloan Kettering Bowel Function Instrument Aggregate Global Score); (C) male sexual function (In-
ternational Index of Erectile Function Total Score, administered to males only); (D) female sexual function (Female Sexual Function Index Total
Score, administered to females only); and (E) overall health-related quality of life (EuroQoL EQ-5D-5L Index). Positive values represent im-
provement compared with baseline for all scales. Means were estimated using a general linear mixed model for each scale. Between-group
differences with raw P < .05 are demarcated with a and P < .01 with b. The results for all domain subscales are shown in the Data Supplement.
aBetween-group difference raw P < .05. bBetween-group difference raw P < .01 (12 months only: multiplicity-adjusted P < .05). 5FUCRT, chemo-
radiation with fluorouracil; FOLFOX, fluorouracil and oxaliplatin.
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FIG 3. Mean changes from baseline between groups during neoadjuvant treatment (1-2 weeks before surgery) and at 12 and 24 months after
surgery for (A) bladder function (bladder emptying question from the International Prostate Symptom Score, administered both to males and
females); (B) bowel function (Memorial Sloan Kettering Bowel Function Instrument Aggregate Global Score); (C) male sexual function (In-
ternational Index of Erectile Function Total Score, administered to males only); (D) female sexual function (Female Sexual Function Index Total
Score, administered to females only); and (E) overall health-related quality of life (EuroQoL EQ-5D-5L Index). Positive values represent im-
provement compared with baseline for all scales. Means were estimated using a general linear mixed model for each scale. Between-group
differences with raw P < .05 are demarcated with a and P < .01 with b. The results for all domain subscales are shown in the Data Supplement.
aBetween-group difference raw P < .05. bBetween-group difference raw P < .01 (12 months only: multiplicity-adjusted P < .05). 5FUCRT, chemo-
radiation with fluorouracil; FOLFOX, fluorouracil and oxaliplatin.
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FIG 3. Mean changes from baseline between groups during neoadjuvant treatment (1-2 weeks before surgery) and at 12 and 24 months after
surgery for (A) bladder function (bladder emptying question from the International Prostate Symptom Score, administered both to males and
females); (B) bowel function (Memorial Sloan Kettering Bowel Function Instrument Aggregate Global Score); (C) male sexual function (In-
ternational Index of Erectile Function Total Score, administered to males only); (D) female sexual function (Female Sexual Function Index Total
Score, administered to females only); and (E) overall health-related quality of life (EuroQoL EQ-5D-5L Index). Positive values represent im-
provement compared with baseline for all scales. Means were estimated using a general linear mixed model for each scale. Between-group
differences with raw P < .05 are demarcated with a and P < .01 with b. The results for all domain subscales are shown in the Data Supplement.
aBetween-group difference raw P < .05. bBetween-group difference raw P < .01 (12 months only: multiplicity-adjusted P < .05). 5FUCRT, chemo-
radiation with fluorouracil; FOLFOX, fluorouracil and oxaliplatin.
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FIG 3. Mean changes from baseline between groups during neoadjuvant treatment (1-2 weeks before surgery) and at 12 and 24 months after
surgery for (A) bladder function (bladder emptying question from the International Prostate Symptom Score, administered both to males and
females); (B) bowel function (Memorial Sloan Kettering Bowel Function Instrument Aggregate Global Score); (C) male sexual function (In-
ternational Index of Erectile Function Total Score, administered to males only); (D) female sexual function (Female Sexual Function Index Total
Score, administered to females only); and (E) overall health-related quality of life (EuroQoL EQ-5D-5L Index). Positive values represent im-
provement compared with baseline for all scales. Means were estimated using a general linear mixed model for each scale. Between-group
differences with raw P < .05 are demarcated with a and P < .01 with b. The results for all domain subscales are shown in the Data Supplement.
aBetween-group difference raw P < .05. bBetween-group difference raw P < .01 (12 months only: multiplicity-adjusted P < .05). 5FUCRT, chemo-
radiation with fluorouracil; FOLFOX, fluorouracil and oxaliplatin.
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oncologists did not differ according to patient gender or
oncologists’ background characteristics (data not shown), except
that clinicians who had supervised tended to consider local control
as more important than clinicians who had not (36±9 vs 29±10
P¼ 0.05).
Mean relative importance of probability of sexual dysfunction

was significantly higher for patients than for oncologists (21±8 vs
17±8, P¼ 0.02).

DISCUSSION

The Dutch TME trial showed that short-course PRT improves local
control in resectable rectal cancer patients, with no survival gain
(Peeters et al, 2007). Given the high rates of local control with
surgery alone (Peeters et al, 2007), 90–95% of patients are
unnecessarily treated with PRT. Radiotherapy has been shown to
induce major side effects, including faecal incontinence (Marijnen
et al, 2005; Peeters et al, 2005), sexual dysfunction (Marijnen et al,
2005), small bowel obstruction (Birgisson et al, 2005a), and
development of secondary tumours (Birgisson et al, 2005b). The
awareness of side effects often leads to discussions in multi-
disciplinary oncology meetings about the necessity of PRT for
certain patients. One would expect that a small probability of
benefit and large probabilities of side effects would call for the
input of the patient in the process of decision-making. However,
in the Netherlands, these probabilities are often not explicitly
discussed with the patient, and the decision about PRT is even less
frequently left to the patient. We therefore performed this study to
evaluate patients’ and oncologists’ preferences for preoperative
treatment. Investigating how new rectal cancer patients value the
tradeoff between local control and side effects is difficult in the
Netherlands, where neoadjuvant radiation is the standard treat-
ment. We therefore recruited disease-free rectal cancer patients
treated in the TME trial as an alternative, enabling us to assess
views from patients with and without experience with PRT and
side effects.
The TTM methodology showed that patients preferred to be

irradiated when the mean gain in local control was about 5%. The
range was considerable (0–11%) though, highlighting the need for

a discussion of the pros and cons of PRT with every patient with
resectable rectal cancer.
One of the drawbacks of this study is the use of already treated

patients, who have been disease-free for over 5 years. To these
patients, 5-year survival and 5-year local control rates will have
another connotation than to recently diagnosed patients. Since
oncologists in the Netherlands are reluctant to discuss these
absolute rates explicitly with patients, we deemed it impossible to
use the methods with recently diagnosed patients. We were aware
that our retrospective interviews would incorporate the biases
generally seen in the literature, but by asking all types of patients,
both with and without treatment experience, and with and without
symptoms, we wished to obtain an impression of all possible
attitudes towards the tradeoffs involved. Patients have been shown
to have a strong preference for the therapy they have undergone
(Yellen et al, 1994; McQuellon et al, 1995; Stiggelbout et al, 1996;
Lindley et al, 1998; Jansen et al, 2001), possibly embracing it
psychologically as the best possible for them. Indeed, patients in
this study who underwent PRT desired a lower benefit from
irradiation than non-irradiated patients. A significant minority
preferred PRT even if the treatment was non-beneficial and
harmful, in accordance with studies on adjuvant chemotherapy
(Ravdin et al, 1998; Jansen et al, 2001) and adjuvant radiotherapy
(Palda et al, 1997). Again, this preference may result from
cognitive justification, but may also be grounded in expecting or
having experienced non-clinical benefits, including a sense of
control over one’s situation (Levine et al, 1988), persistent belief in
treatment benefit (Palda et al, 1997), or avoiding negative feelings
including regret over having refused treatment (Palda et al, 1997).
One should take this into account when judging the absolute
benefit that our patients required from treatment. The number for
newly diagnosed patients will likely lie in between the means of our
two patient groups.
On the basis of the frequent discussions in multidisciplinary

team meetings, we hypothesised that required benefit from PRT
would differ between specialties. However, our results showed that
most oncologists, regardless of specialty, prefer PRT when the gain
in local control is 5%. This is a generally accepted benefit in Dutch
oncologists regarding adjuvant treatment in general (Bontenbal
et al, 2000). The fact that the TME trial showed 5% benefit at
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• DECREASE: De-escalation RT-Dose in T1-2N0  

• PLATO: De-escalation/Escalation RT-Dose based on TNM-Risk

• SWANCA: Proton vs Photon

• CORINTH Phase IB: Best integration of ICI into CRT 

• RADIANCE: CRT +/- ICI before, during, and after CRT

• US NCT03233711: CRT +/- consolidation ICI

Ongoing trials
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PLATO - ACT4
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DECREASE

50.4 Gy
28F

T1 36 Gy
T2 41.2 Gy

28F

T1,T2 < 4 cm N0

(De-intensified ChemoRadiation for Early-stage ASCC)
ECOG-ACRIN Cancer Research Group/NCI; NCT04166318)

DECREASE 
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T1,T2 < 4 cm N0 TREATMENT
- sd-IMRT (IMRT; T 50.4Gy in 28F; ENI 40Gy in 28F) 
- dr-IMRT (T 41.4Gy in 23F; ENI 34.5Gy in 23F)

concurrent mitomycin 12mg/m2 day (D)1 and 
capecitabine (CAP) 825mg/m2 twice daily on days 
of RT. 

PRIMARY OUTCOME 
- 3-year locoregional control
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6 months end-point analysis

Gilbert A. ESTRO 2023
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≥G3 ACUTE TOXICITY 
45.5% sd-IMRT (n=25) vs 35.2% dr-IMRT (n=37)

PROs 
Sexual function improved to baseline levels by 6 weeks for men and 6 
months for women in dr-IMRT
 
Poorer sexual function was maintained to 6 months in sd-IMRT for 
both men and women.

Gilbert A. ESTRO 2023

6 months end-point analysis
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DECREASE
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T1-2 not extendig in to the rectum

T1-2 extendig <1 cm in to the rectum

N+ in common iliac region

N+ paraortic

N+ pelvis

All other conditions
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5y OS based on TNM AJCC v.08
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The analysis aims to provide information on current international clinical practice outcomes and 
may aid the personalization and design of  future anal cancer clinical trials through contributing 
to a better understanding of  patient risk stratifcation.

ATOM-CAT consortium Prediction CLINICAL based
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Biomarkers Predictive to Immunotherapy Benefit

Prognostic Biomarkers for Localized SCCA

• Tissue-Based
• Blood-Based: Circulating Tumor DNA
• Serum-Based: Absolute Lymphocyte Count
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count > 7.500/ul) were found to be significantly associated with
DFS, PFS and OS, independently of tumor and nodal stage at diag-
nosis [10,11]. Platelets can induce circulating tumor cell epithelial-
mesenchymal transition and promote extravasation to metastatic
sites [14]. Circulating platelets actively signal to tumor cells, via
TGFb and NF-jB, to promote their malignant potential outside
the primary microenvironment, inducing prometastatic phenotype
[14]. The second parameter included in the HEI Index is baseline
eosinophil count [15]. Eosinophils are a crucial component in the
interplay between inflammation, cancer, and immunity [15]. High

baseline levels of eosinophils have been demonstrated to be asso-
ciated with a higher likelihood of recurrence in ASCC [15]. The
third parameter included in the HEI Index is baseline hemoglobin
level, which could predict complete response to CRT in a retrospec-
tive cohort of ASCC patients [9]. The likelihood to achieve a com-
plete response increases by 5.6 % for every single unit (g/dl)
increase in baseline hemoglobin level. In the same series, baseline
hemoglobin was found to be an independent predictor of OS. In the
ACT-I randomized phase III trial, baseline hemoglobin level was
shown as an independent prognostic factor for anal cancer-

Fig. 1. Kaplan–Meier curves for overall (OS) and disease-free survival (DFS) and survival in high- and low-risk groups according to the HEI Index in the validation dataset.

Table 3
Hazard Ratios and relative 95% Confidence Interval for OS and DFS resulted from multivariate Cox regression analysis.

Characteristics OS DFS

Validation Derivation Validation Derivation

Age (!70 yr vs < 70 yr) 1.67(1.05, 2.64)* 1.92(0.88, 4.16)* 1.60(1.08, 2.38)* 2.25(1.19, 4.26)*
Gender (Male vs Female) 1.60(1.01, 2.59)* 1.79(0.89, 3.58)* 1.42(0.96, 2.09) 1.19(1.43, 4.72)
Chemotherapy (CCDP-based vsMMC-based) 0.48(0.17, 1.32) 0.25(0.08, 0.79)* 0.53(0.26, 1.10) 0.34(0.15, 0.76)*
Stage (III vs I-II) 2.05(1.20, 3.48)* 1.97(0.87, 4.42) 2.20(1.43, 3.40)* 1.39(0.76, 2.54)
HEI Index (High-Risk vs Low-Risk) 2.02(1.25, 3.26)* 2.97(1.36, 6.50)* 1.53(1.04, 2.24)* 2.59(1.42, 4.72)*

Legend: CDDP: cisplatin; MMC: Mitomicyn C; OS: overall survival; DFS: disease-free survival; HEI: Hemo-Eosinophils Inflammation.
* p < 0.05 derived from Cox regression analysis.

Table 4
Discrimination measures and standard error (SE) for OS and DFS for the validation and derivation datasets.

OS DFS

Validation Derivation Validation Derivation

Harrell c-index (SE) 0.68 (0.027) 0.76 (0.054) 0.66 (0.026) 0.80 (0.049)
Gönen & Heller K (SE) 0.67 (0.057) 0.70 (0.028) 0.71 (0.048) 0.74 (0.021)
Explained Variation - R2

D (SE) 0.06 (0.403) 0.17 (0.193) 0.06 (0.453) 0.21 (0.129)

Legend: OS: overall survival; DFS: disease-free survival; SE: standard error.

P. Franco, A. Porreca, G. Mantello et al. Radiotherapy and Oncology 177 (2022) 9–15

13

HEI = Hemoglobin
Eosinophil

Prediction PATIENTS based
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Relapse is a combination of GTV volume; Signal Intensity; Areas of hyper-intense signal inside the GTV

Prediction rOMICS based
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Register now!

https://fopecom-
rm.unicatt.it/fopecomonline/default_eng.
aspx?Edizione=1&IdEvento=9958

Registration deadline 
October 31st
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