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IMPORTANCE Treatment of locally advanced rectal (LARC) cancer involves chemoradiation,
surgery, and chemotherapy. The concept of total neoadjuvant therapy (TNT), in which
chemoradiation and chemotherapy are administered prior to surgery, has been developed to
optimize delivery of effective systemic therapy aimed at micrometastases.

OBJECTIVE To compare the traditional approach of preoperative chemoradiation (chemoRT)
followed by postoperative adjuvant chemotherapy with the more recent TNT approach for
LARC.

DESIGN, SETTING, AND PARTICIPANTS A retrospective cohort analysis using Memorial Sloan
Kettering Cancer Center (MSK) records from 2009 to 2015 was carried out. A total of 811
patients who presented with LARC (T3/4 or node-positive) were identified.

EXPOSURES Of the 811 patients, 320 received chemoRT with planned adjuvant
chemotherapy and 308 received TNT (induction fluorouracil- and oxaliplatin-based
chemotherapy followed by chemoRT).

MAIN OUTCOMES AND MEASURES Treatment and outcome data for the 2 cohorts were
compared. Dosing and completion of prescribed chemotherapy were assessed on the subset
of patients who received all therapy at MSK.

RESULTS Of the 628 patients overall, 373 (59%) were men and 255 (41%) were women, with
a mean (SD) age of 56.7 (12.9) years. Of the 308 patients in the TNT cohort, 181 (49%) were
men and 127 (49%) were women. Of the 320 patients in the chemoRT with planned adjuvant
chemotherapy cohort, 192 (60%) were men and 128 (40%) were women. Patients in the TNT
cohort received greater percentages of the planned oxaliplatin and fluorouracil prescribed
dose than those in the chemoRT with planned adjuvant chemotherapy cohort. The complete
response (CR) rate, including both pathologic CR (pCR) in those who underwent surgery and
sustained clinical CR (cCR) for at least 12 months posttreatment in those who did not undergo
surgery, was 36% in the TNT cohort compared with 21% in the chemoRT with planned
adjuvant chemotherapy cohort.

CONCLUSIONS AND RELEVANCE Our findings provide additional support for the National
Comprehensive Cancer Network (NCCN) guidelines that categorize TNT as a viable treatment
strategy for rectal cancer. Our data suggest that TNT facilitates delivery of planned systemic
therapy. Long-term follow-up will determine if this finding translates into improved survival.
In addition, given its high CR rate, TNT may facilitate nonoperative treatment strategies
aimed at organ preservation.
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T reatment for clinical stage II or III locally advanced rec-
tal cancer (LARC) (T3/4, N0, or node-positive) consists
of preoperative chemoradiotherapy (chemoRT) fol-

lowed by total mesorectal excision and postoperative adju-
vant chemotherapy with fluorouracil and oxaliplatin. This ap-
proach confers excellent local control, with distant recurrence
substantially more common than local recurrence.1

Induction or consolidation chemotherapy with chemoRT
prior to surgery for LARC, referred to as total neoadjuvant
therapy (TNT), has been reported by several centers2-4 with the
following benefits: improved delivery of planned therapy, in-
creased downstaging, earlier introduction of optimal sys-
temic chemotherapy to address possible micrometastases, and
in-vivo assessment of chemosensitivity. In addition, delivery
of all chemotherapy preoperatively obviates the need for post-
operative therapy, reducing duration with a diverting ileos-
tomy and alleviating the need for patients to undergo chemo-
therapy with a stoma.

A study of 61 patients treated at Memorial Sloan Ketter-
ing Cancer Center (MSK) with induction FOLFOX (folinic acid,
fluorouracil, oxaliplatin) prior to chemoRT found high toler-
ance of therapy and improved treatment responses: 22 (36%)
of 61 patients had either a pathologic complete response (pCR)
or clinical complete response (cCR).3 Those results, along with
others,2,4 led the National Comprehensive Cancer Network
(NCCN) to categorize TNT as an acceptable treatment strat-
egy for stage II/III LARC.5

In this study, we describe the results of the adoption of TNT
as the most common treatment paradigm for LARC at a com-
prehensive cancer center. We compared tolerance of pre-
scribed chemotherapy, tumor response, and short-term on-
cologic outcomes in 2 patient cohorts: TNT (specifically
induction chemotherapy followed by chemoRT) vs preopera-
tive chemoRT and planned adjuvant chemotherapy.

Methods
Patients
After obtaining approval with a waiver of informed consent
from the institutional review board at MSK, we identified LARC
patients attending the MSK colorectal surgical oncology clinic
from June 1, 2009, to March 1, 2015. We defined LARC as ad-
enocarcinoma with distal margin of 15 cm or less from the anal
verge on endoscopy, staged with endorectal ultrasound (ERUS)
or magnetic resonance imaging (MRI) as cT3/cT4 N0 or cT
(any) cN1/2, in line with NCCN guidelines.6 Disease was staged
with computed tomography (CT) of the chest, abdomen, and
pelvis pretreatment. Patients were excluded if they had recur-
rent or metastatic disease, previous surgical treatment for rec-
tal cancer, or concurrent fistulizing inflammatory bowel dis-
ease of the rectum.

Neoadjuvant Regimens
Total neoadjuvant therapy was defined as induction chemo-
therapy in the form of mFOLFOX6 for 8 cycles, CAPOX (ca-
pecitabine and oxaliplatin) for 5 cycles,7-9 or FLOX (weekly fluo-
rouracil/leucovorin and biweekly oxaliplatin)10 prior to

chemoRT (Figure). Consolidative or alternative chemo-
therapy regimens were excluded (Figure, C). ChemoRT com-
menced 2 to 3 weeks after completing induction chemo-
therapy and included 25 to 28 radiotherapy fractions with
concurrent infusional fluorouracil at 225 mg/m2 or oral ca-
pecitabine at 825 mg/m2 twice daily. Patients underwent 3-di-
mensional conformal radiotherapy (3-D CRT) or intensity-
modulated radiotherapy (IMRT) receiving 45 Gy in 1.8 Gy
fractions to the pelvis, with a 5.4 Gy boost to the tumor. In 3-D
CRT patients, the boost involved 3 additional 1.8 Gy fractions
(total 50.4 Gy in 28 fractions), whereas in IMRT patients the
boost involved dose-painting to 2.0 Gy per fraction (total 50
Gy in 25 fractions).

Patients were included in the chemoRT with planned ad-
juvant chemotherapy cohort if they received chemoRT as ini-
tial treatment with planned 4-month course of postoperative
FOLFOX, CAPOX, or FLOX. Data on scheduled treatment, num-
ber of cycles administered, and dose reductions were col-
lected from electronic records. Analyses comparing preopera-
tive vs postoperative chemotherapy dosing were limited to
FOLFOX because this was most commonly prescribed with
standardized scheduling.

Resection
Following neoadjuvant therapy, patients underwent repeat
proctoscopy, CT, and MRI restaging. Surgery was performed
in accord with principles of anatomic, total mesorectal exci-
sion. The possibility of pCR was discussed with patients who
demonstrated cCR (absence of viable tumor on proctoscopy/
MRI), and patients who chose to forgo rectal resection, elect-
ing nonoperative treatment, were placed under close
observation.11 Delayed resection was performed when there
was clinical concern for tumor regrowth or patient choice to
move off a nonoperative approach.

pCR and cCR
We defined pCR as absence of viable tumor cells in the resec-
tion specimen, as previously described.12,13 Throughout the

Key Points
Question What are the advantages of total neoadjuvant therapy
(preoperative systemic chemotherapy in combination with
chemoratiation [TNT]) compared with the traditional approach of
preoperative chemoradiation and postoperative adjuvant
chemotherapy in patients with locally advanced (T3/4 or
node-positive) rectal cancer?

Findings In this retrospective cohort analysis, 308 patients
treated with TNT were compared with 320 patients treated with
chemoRT with planned adjuvant chemotherapy. Patients in the
TNT cohort received greater percentages of the planned systemic
chemotherapy, had higher rates of complete response (pathologic
and sustained clinical), and were more likely to have temporary
ileostomy reversed within 15 weeks of proctectomy.

Meaning Total neoadjuvant therapy appears to have short-term
advantages over the traditional chemoRT and adjuvant
chemotherapy regimen for locally advanced rectal cancer;
long-term follow-up will be required to determine if this translates
into improved overall survival.
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study period, assessment for sustained cCR was based on pre-
viously described criteria.14-16 We used the term complete re-
sponse (CR) to define the proportion of patients who either have
pCR determined after surgery or sustained cCR for 12 months
or longer while under nonoperative surveillance. The 12-
month mark was chosen because most local regrowths after
apparent cCR occur within this period; therefore, cCRs be-
yond this time are likely to be sustained.11

Statistical Analysis
Data are presented as medians with interquartile range (IQR)
unless otherwise stated. Groups were compared using either
χ2 or Kruskal-Wallis tests. Associations between individual vari-
ables and CR were evaluated with binary logistic regression.
The significance level was P < .05. Analyses were performed
using R17 (version 3.2.5, R Foundation) and SAS statistical soft-
ware (version 9.3; SAS Institute, Inc).

Results
Treatment plans for 811 patients who met the inclusion crite-
ria are shown in the Figure, A. In total, 320 patients were treated
with the chemoRT with planned adjuvant chemotherapy para-
digm and 410 patients were treated with TNT. Patients who un-
derwent surgery alone (n = 13) or chemotherapy alone (n = 68)
were excluded.

In the chemoRT with planned adjuvant chemotherapy co-
hort, 296 of the 320 patients underwent surgery within 12
months after completing neoadjuvant therapy; 49 (17%) had
a pCR. The remaining 24 (8%) of the 320 patients did not un-
dergo surgery within 12 months; 19 of those 24 (79%) had a sus-
tained cCR with nonoperative treatment. Five patients had
medical comorbidities precluding surgery (Figure, B).

In the TNT group, 410 patients were treated with che-
moRT and systemic chemotherapy. Of those, 102 patients re-
ceived chemoRT with consolidative or split-course chemo-
therapy and were excluded. The TNT cohort therefore includes
308 patients treated with induction FOLFOX (n = 288),
CAPOX (n = 17), or FLOX (n = 3). Of those, 235 (76%) under-
went surgery within 12 months after completing TNT; 43 (18%)
had a pCR. The remaining 73 (24%) did not undergo surgery
within 12 months; 67 (92%) had a sustained cCR and elected non-
operative treatment. One patient declined surgery, and 5 pa-
tients had medical comorbidities precluding surgery (Figure, C).

Table 1 details clinical and pathological characteristics of
patients in the 2 cohorts. Patients in the chemoRT with planned
adjuvant chemotherapy group were slightly older and less likely
to have clinical stage III disease than the TNT group. Patients
in the chemoRT with planned adjuvant chemotherapy group
were more likely to be treated earlier in the study period. Be-
tween 2009 and 2011, 217 (89%) of 245 received chemoRT with
planned adjuvant chemotherapy, compared with 38 (20%) of
125 in 2014 to 2015 (absolute difference, 68%; P < .001), re-
flecting institutional change in treatment strategy (eFigure in
the Supplement).

Of the 539 patients in whom staging was performed at MSK,
data were available for 245 patients in the ChemoRT with

planned adjuvant therapy cohort and 294 patients in the TNT
cohort. Staging modality evolved from ERUS to MRI during the
period. Between 2009 and 2011, 67 (35%) of 190 patients were
staged exclusively with ERUS and 123 (65%) with MRI com-

Figure. Treatment Pathways

811 Nonmetastatic resectable LARC
evaluated in surgical clinic

13 Surgery
alone (1%)a

320 chemoRT with
adjuvant CT

410 TNT 68 Chemotherapy
 alone

13 Excluded
3 Patient choicea

5 Comorbidities
5 Previous pelvic RT

Total patientsA

ChemoRT with adjuvant CTB

5 Excluded comorbidity or
conditions precluding
surgery 

320 chemoRT with adjuvant CT
151 MSKCC
169 OSH

296 Surgery within
12 mo

47 pCR at 12 mo 19 cCR at 12 mo

24 No surgery
within 12 mo

TNTC

410 TNT

331 Induction chemotherapy
followed by chemoRT
271 MSKCC
60 OSH

79 chemoRT followed by
consolidation chemotherapy
29 MSKCC
50 OSH

14 Plan for ≤7
cycles FOLFOXa

then chemoRT

308 Plan for 8
cycles FOLFOXa

then chemoRT

6 Excluded
1 Patient declined surgery
5 Comorbidity or conditions

precluding surgery
44 pCR at 12 mo 67 cCR at 12 mo

235 Surgery within
12 mo

73 No surgery
within 12 mo

9 Plan for >8
cycles FOLFOXa

then chemoRT

Abbreviations: ChemoRT, chemoradiation; CT, chemotherapy; OSH, outside
hospital; TNT, total neoadjuvant therapy. A, Treatment plans for patients with
nonmetastatic LARC newly diagnosed at the MSK colorectal surgery clinic from
June 1, 2009, to March 1, 2015. B, Treatment pathways and outcomes for
patients who received chemoRT with planned adjuvant chemotherapy.
C, Treatment pathways and outcomes for patients who received TNT.
a Four months folinic acid, fluorouracil, oxaliplatin (FOLFOX); capecitabine and

oxaliplatin (CAPOX), or weekly fluorouracil/leucovorin and biweekly
oxaliplatin (FLOX).
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pared with 4 (2%) of 172 with ERUS alone and 168 (98%) with
MRI in 2014 to 2015. Therefore MRI was used in 442 of 539 pa-
tients: 160 (65%) of 245 patients in the ChemoRt with planned
adjuvant therapy cohort and 282 (96%) of 294 patients in the
TNT cohort (absolute difference, 31%; P < .001) (Table 1). In pa-

tients who had surgery within 12 months, median time to sur-
gery following neoadjuvant therapy was longer in the TNT
group (56 [IQR, 48-71] days vs 63 [IQR, 52-75] days, P < .002).
Nonoperative treatment was more common in the TNT co-
hort: a higher proportion of TNT cohort patients did not un-

Table 1. Patient and Treatment Characteristics

Characteristic

Patients, No. (%)

P Value
ChemoRT With Planned Adjuvant
Chemotherapy (n = 320) TNT (n = 308)

Age, y

<55 128 (40.0) 161 (52.3)

<.00155-75 152 (47.5) 127 (41.2)

>75 40 (12.5) 20 (6.5)

Sex

Male 192 (60.0) 181 (58.8)
.81

Female 128 (40.0) 127 (41.2)

Period

2009-2011 217 (67.8) 28 (9.1) <.001

2012-2013 65 (20.3) 133 (43.2)

2014-2015 38 (11.9) 147 (47.7)

Tumor height (cm) above anal verge

<5 98 (30.6) 102 (33.1) .55

5-10 175 (54.7) 143 (46.4)

>10 47 (14.7) 63 (20.5)

Imaging for pretreatment staginga

ERUS 85 (34.7) 12 (4.1) <.001

MRI 84 (34.3) 165 (56.1)

ERUS and MRI 76 (31.0) 117 (39.8)

cT stage

cT1 3 (0.9) 2 (0.6) .06

cT2 20 (6.3) 19 (6.2)

cT3 277 (86.6) 251 (81.5)

cT4 20 (6.2) 36 (11.7)

cN stage

cN0 94 (29.4) 43 (14.0) <.001

cN positive 226 (70.6) 265 (86.0)

Surgery within 12 mo <.001

Yes 296 (92.5) 235 (76.3)

No 24 (7.5) 73 (23.7)

Type of surgery

Open 156 (52.7) 65 (27.8) <.001

Minimally invasive 140 (47.3) 169 (72.2)

Days to surgery, median (IQR)b 56 (48-71) 63 (52-75) .002

Weeks to surgeryb,c

<8 153 (51.7) 82 (34.9) .001

8-12 100 (33.8) 108 (46.0)

12-26 41 (13.9) 36 (15.3)

>26 2 (0.6) 9 (3.8)

Postoperative chemotherapyd

No 63 (21.5) 214 (94.7) <.001

Yes 230 (78.5) 12 (5.3)

Ileostomy after low anterior resection

No 33 (14.5) 23 (12.5) .56

Yes 195 (85.5) 161 (87.5)

Days to ileostomy closure, median (IQR) 192 (166-243) 89 (71-107) <.001

Ileostomy closure within 15 weekse

No 176 (91.2) 44 (28.0) <.001

Yes 17 (8.8) 113 (72.0)

Months of follow-up, median (range) 40 (6-92) 23 (6-71) <.001

Abbreviations: ChemoRT,
chemoradiation; ERUS, endorectal
ultrasound; MRI, magnetic resonance
imaging; TNT, total neoadjuvant
therapy.
a Data were available for 245 patients

in the chemoRT with planned
adjuvant chemotherapy cohort and
294 patients in the TNT cohort.

b After completion of neoadjuvant
treatment.

c Excluding patients in nonoperative
protocols, ie, patients who did not
undergo surgery within 12 months
after completion of neoadjuvant
therapy.

d In patients who underwent surgery
within 12 months.

e In patients who underwent LAR
with diverting ileostomy within
12 months.
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dergo surgery within 12 months (73 [24%] of 308 vs 24 [8%]
of 320; absolute difference, 16%; P < .001). Minimally inva-
sive surgery was more common in the TNT cohort (169 [72%]
of 265 vs 140 [47%] of 296; absolute difference 25%; P < .001).
Diverting ileostomy rates following low anterior resection were
comparable (chemoRT with planned adjuvant chemotherapy
cohort ileostomy rate 195 [85.5%] of 228, vs TNT cohort ileos-
tomy rate 161 [87.5%] of 184; absolute difference, 2%; P = .56),
but stoma closure was earlier in the TNT group (closure within
15 weeks, 113 [72%] of 157 vs 176 [9%] of 193; absolute differ-
ence, 63%; P < .001).

FOLFOX Dosing and Tolerance
For analysis of prescribed and received dosing of FOLFOX, we
included 101 of the total 230 patients in the chemoRT and
planned adjuvant chemotherapy cohort and 249 patients in
the TNT cohort because they received all treatment at MSK with
dosage information available in the electronic medical rec-
ord. Patients were treated according to NCCN guidelines, which
include 4-month FOLFOX. eTable 1 in the Supplement lists the
prescribed and received doses of fluorouracil and oxaliplatin.
Analysis of fluorouracil showed that the TNT group had higher
average doses received (96% [IQR, 93%-99%] vs 88% [IQR,
86%-90%], P = .003), fewer dose reductions (51 [50% ] of 101
vs 64 [26%] of 249; absolute difference, 25%; P < .001), greater
proportions receiving more than 75% (231 [93%] of 249 vs 80
[79%] of 101; absolute difference, 14%; P < .001), and more than
90% (209 [84%] of 249 vs 56 [55%] of 101; absolute differ-
ence, 29%; P < .001) of planned dose, and a higher propor-
tion receiving more than 6 cycles (236 [95%] of 249 vs 84 [83%]
of 101; absolute difference, 22%; P < .001) compared with che-
moRT and planned adjuvant chemotherapy. Similarly for ox-
aliplatin, the TNT group had higher average doses received
(90% [IQR, 89%-91%] vs 73% [IQR, 69%-77%]; P < .001), fewer
dose reductions (134 [54%] of 249 vs 77 [76%] of 101; abso-
lute difference, 22%; P < .001), greater proportions of pa-
tients receiving more than 75% (210 [84%] of 249 vs 60 [60%]
of 101; absolute difference, 24%; P < .001) and more than 90%
(152 [61%] of 249 vs 28 [28%] of 101; absolute difference, 33%;
P < .001) of planned dose, with a higher proportion receiving
more than 6 cycles (214 [86%] of 249 vs 64 [63%] of 101; ab-
solute difference, 23%; P < .001).

Clinical and Pathological Responses
Table 2 details CR data, including pCR and sustained cCR. In
the chemoRT with planned adjuvant chemotherapy cohort, 49
[17%] of the 296 patients who underwent surgery within 12
months of preoperative therapy had a pCR, whereas 19 (6%)
of 320 did not have surgery and had a sustained cCR at 12
months. The CR rate at 12 months after completing neoadju-
vant chemoRT (combining pCR and cCR) was 21%. For 94 pa-
tients with clinical stage II disease and 226 with clinical stage
III disease, CR rates were 25% and 20%, respectively.

Among the 308 patients in the TNT cohort, 43 (18%) of the
patients who underwent surgery within 12 months had a pCR,
whereas 67 (22%) of 308 did not have surgery and had a sus-
tained cCR at 12 months. The combined CR rate (pCR and cCR)
at 12 months was 36%. For 43 patients with clinical stage II dis-
ease and 265 with clinical stage III disease, CR rates were 54%
and 33%, respectively. To eliminate time to surgery as a con-
founder, a further analysis was performed excluding patients
having surgery 8 weeks or less after neoadjuvant therapy. The
CR rate remained higher at 41% in the TNT cohort (93 of 226)
vs 27% in the chemoRT with planned adjuvant chemo-
therapy (45 of 166) cohort (absolute difference, 14%; P = .004).

Regression analyses identified age (using <65 years as ref-
erence category: 65-75 years; OR, 0.98; 95% CI, 0.63-1.36;
P = .70; >75 years; OR, 3.28; 95% CI, 1.81-5.95; P < .001), re-
cency of diagnosis (using 2009-2011 as reference category:
2012-2013; OR, 1.84; 95% CI, 1.20-2.83; P < .005; 2014-2015;
OR, 1.72; 95% CI, 1.10-2.67; P = .02), lower clinical T stage (using
cT4 as reference category: cT3; OR, 1.86; 95% CI, 0.89-3.91;
P = .10; cT1-2; OR, 4.07; 95% CI, 1.61-10.33; P = .003), and TNT
(OR, 2.06; 95% CI, 1.44-2.96; P < .001) to be associated with
CR (pCR or cCR) at 12 months (eTable 2 in the Supplement).

Patients Followed With cCR
By definition for this study, all patients considered to have sus-
tained cCR had no evidence of tumor regrowth for at least 12
months. In addition, no patients with sustained cCR devel-
oped distant recurrence within 12 months. In the chemoRT with
planned adjuvant chemotherapy group, 19 (6%) of the total 320
patients with sustained cCR were treated nonoperatively be-
yond 12 months. and 10 (91%) of 11 patients with 24-month fol-
low-up had a durable cCR. In the TNT group, 67 (22%) of the

Table 2. Responses to Treatment

Treatment Groupa
All Patients,
No.

All Patients,
Sustained cCR,
No. (%)b

Surgery
Within
12 Months,
No.

Surgery Within
12 Months,
pCR, No. (%)b

Complete
Response
(pCR and
Sustained cCR)
at 12 Months,
No. (%)

ChemoRT with planned
adjuvant chemotherapy

Stage II 94 9 (9.6) 82 14 (17.1) 23 (24.5)

Stage III 226 10 (4.4) 214 35 (16.4) 45 (19.9)

Total 320 19 (5.9) 296 49 (16.6) 68 (21.3)

TNT

Stage II 43 23 (53.5) 20 0 23 (53.5)

Stage III 265 44 (16.6) 215 43 (20.0) 87 (32.8)

Total 308 67 (21.8) 235 43 (18.3) 110 (35.7)

Abbreviations: cCR, clinical complete
response; pCR, pathologic complete
response; TNT, total neoadjuvant
thearpy.
a Stages are clinical.
b pCR rates are percentages of

patients among those who
underwent resection within 12
months after completion of
neoadjuvant therapy. cCR rates are
percentages of patients among all
patients in each cohort.
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308 patients had a sustained cCR and were treated nonopera-
tively beyond 12 months. Of 31 patients with 24-month follow-
up, 27 (87%) had a durable cCR.

Discussion
To our knowledge, this single-institution study represents the
largest published series of patients with LARC treated with neo-
adjuvant chemotherapy followed by chemoRT. Compared with
chemoRT with planned adjuvant chemotherapy, patients re-
ceiving TNT were more likely to complete planned chemo-
therapy with fewer dose reductions. Patients receiving TNT also
had greater treatment response, achieving higher CR rates. Our
findings are consistent with previous studies demonstrating
higher compliance and lower toxic event rates for TNT-based
regimens, although response rates in those studies varied, with
pCR rates ranging from 14% to 36%.2,18,19

In some patients, TNT facilitates early ileostomy closure
after sphincter-sparing low anterior resection, and in other pa-
tients it can facilitate a nonoperative approach. Assessing re-
sponse to neoadjuvant therapy requires accounting for both
pCR in those undergoing surgery, as well as sustained cCR in
those electing nonoperative treatment. We used the term CR
to include pCR and sustained CR for longer than 12 months.
In this TNT cohort, 43 (18%) of 235 patients who underwent
surgery had a pCR, and an additional 67 (22%) of all 308 pa-
tients elected nonoperative therapy and had a sustained cCR
for at least 12 months. This resulted in a combined CR (either
pCR or cCR at 12 months) being observed in 110 (36%) of 308
patients. A pCR of 18% is lower than reported in other studies
but reflects the fact that a high proportion of patients achieve
a sustained cCR and opt for nonsurgical treatment. Patients
with clinical stage II tumors had a higher CR rate than pa-
tients with clinical stage III tumors (23 [54%] of 43 vs 87 [33%]
of 265, respectively). Pathological CR rates in other TNT stud-
ies range from 14% to 36%, although direct comparison is lim-
ited by differences in inclusion criteria (some studies in-
cluded stage I disease), staging modalities and variable
treatment of cCRs.18-21 The CR rate in the chemoRT with
planned adjuvant chemotherapy cohort was 68 (21%) of 320,
comparable to rates obtained in randomized clinical trials.22-24

We used a 12-month threshold for determining sustained
cCR, which is supported in the literature, because over 70%
of local regrowth will occur within 12 months.6,11,25-27 Of the
531 patients undergoing surgery within 12 months, 443 (83%)
had resections within 12 weeks; 78 (18%) had pCRs. Seventy-
seven (11%) had surgery between 12 and 26 weeks; 7 (9%) had
pCRs. Eleven (2%) had surgery between 26 and 52 weeks; 5
(45%) had pCRs. Beyond 26 weeks, most patients had sur-
gery as a result of clinical or radiological concern for tumor re-
growth, but because almost half of these patients had a pCR,
it is apparent that accurate identification of durable complete
responses remains a challenge.

We also evaluated durable 24-month sustained cCR rates
for patients with adequate follow-up. One (9%) of 11 patients
and 4 (13%) of 31 patients with sustained cCR at 12 months had
local tumor regrowth within 24 months in the chemoRT with

planned adjuvant chemotherapy and TNT groups, respec-
tively. These data support the use of the 12-month threshold
to identify most durable cCRs. However, with further follow-
up, this threshold may change.

The current study defined TNT as induction chemo-
therapy followed by chemoRT but consolidation chemo-
therapy regimens (delivered after chemoRT and prior to sur-
gery) are another form of TNT (Figure, C) that is being
investigated. Optimal scheduling of chemotherapy in rela-
tion to chemoRT is not known and is subject to an ongoing ran-
domized clinical trial.28

During the study period, staging and treatment of LARC
at MSK evolved with adoption of MRI (replacing ERUS) for lo-
cal staging, increased use of TNT, and lengthening of the in-
terval between chemoradiation and surgery. The increased use
of MRI in later years of the study may have implications for
interpretation of these results. For example, increased use of
MRI could potentially explain the higher rate of clinically node-
positive disease in the TNT group. However, we hypothesize
that this finding was related to a tendency for clinicians to pre-
scribe TNT early in the study period for more advanced tu-
mors. Repeated analysis of MRI-staged patients confirms higher
rates of clinically node-positive and cT4 tumors in the TNT co-
hort. This variation between cohorts was no longer apparent
in 2014 to 2015 (n = 185).

Time from completing neoadjuvant therapy to surgery also
lengthened during the study period, based on growing evi-
dence that operating 12 weeks after radiotherapy is safe with
improved treatment response.29,30 Time from neoadjuvant
therapy to surgery was longer in the TNT cohort because this
was the dominant treatment in recent years. To eliminate time
to surgery as a confounder, we repeated the analysis exclud-
ing patients having surgery 8 weeks or less after radio-
therapy. The higher CR rate (pCR and cCR combined) in the TNT
group persisted.

Nonoperative treatment increased during the study pe-
riod. A greater proportion receiving TNT chose a nonoper-
ative approach compared with chemoRT and planned adju-
vant chemotherapy. In this nonrandomized study, we cannot
definitively attribute this finding to TNT. Nonetheless, TNT may
optimize potential for cCRs, thereby potentially expanding the
role of nonoperative treatment in LARC.

Limitations
Our study is limited by its retrospective design. There are po-
tentially important differences between the groups that may
have confounded results. For example the higher proportion
of cT4 and clinically node-positive patients in the TNT cohort
underestimated treatment effect in the TNT group. Con-
versely, longer time from completing treatment to surgery,
along with recency of diagnosis, may be associated with greater
treatment responses in the TNT cohort. Analyses of treat-
ment effects may be limited by temporal trends, other base-
line differences including differences in staging modality be-
tween the 2 cohorts (Table 1), and unrecognized changes in
practice during the study period.

With limited follow-up, it is not known whether TNT, which
optimizes dosing of systemic chemotherapy, improves disease-
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free survival. Further investigation with mature follow-up data
are warranted. However the association between TNT and CR
is encouraging because tumor response is associated with long-
term outcome.31 Although not assessed routinely in these pa-
tients, molecular characteristics have potential to influence re-
sponse to FOLFOX and CRT. Future work with the aim of
determining the role of pretreatment molecular profiling in-
cluding MSI status in LARC represents an important research
priority.

Although definitive toxic effects data are not available, the
higher chemotherapy doses prescribed in the TNT cohort may
reflect better tolerance, consistent with other studies2,18 as well
as a randomized clinical trial,19 where lower rates of treatment-
related grade 3 to 4 events were reported for preoperative vs
postoperative chemotherapy in LARC. Although a prospec-
tive randomized clinical trial would be definitive, TNT has al-
ready been adopted by the NCCN guidelines5 and incorpo-
rated into LARC trials. For example, TNT is the backbone for
NCT02921256, a multiarm randomized phase II clinical trial
in which patients receive induction FOLFOX before random-
ization to standard chemoradiation or a variety of sensitizers
and radiation.

An expected criticism of the approach is that it does not
allow for adaptive treatment strategies based on pathologic
findings after chemoradiation. This could lead to potential over-

treatment of LARC with systemic chemotherapy, especially for
clinical stage II disease. A subset of 43 patients were clinically
stage II, but notably, this cohort had the greatest response, sup-
porting the use of TNT as part of an organ-preserving strat-
egy in LARC. Nonetheless, use of systemic chemotherapy in
clinical stage II disease may expose patients to unnecessary
treatment-related toxic effects including oxaliplatin-related
neuropathy and even hospitalization. Use of systemic chemo-
therapy for LARC is in keeping with the consensus approach
per the NCCN guidelines, which are accepted and followed at
our institution and in which adjuvant systemic therapy is based
on the clinical stage and not the final pathologic stage. Thus,
we report differences in response to and tolerance of neoad-
juvant vs adjuvant treatment, not vs omission of chemo-
therapy.

Conclusions
Total neoadjuvant therapy was associated with improved de-
livery of systemic therapy and increased response to treat-
ment, and it provides a promising platform for nonoperative
watch-and-wait protocols. Long-term follow-up is necessary
to determine if early systemic chemotherapy improves over-
all outcome.
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