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have predictive value for sensitivity against EGFR inhibition, a newly
developed CRC molecular target [51-54]). As neutralizing EGFR
antibody is effective even against far-advanced CRC without K-ras
mutation, the development of new treatments, including adjuvant
chemotherapy, is eagerly anticipated. On the other hand, CRC with K-
ras mutation proved ineffective by EGFR inhibition [53]. About 75%
CRC cases with K-ras mutation had co-mutated PI3K [49] and, in such
cases, downstream inhibition of both B-raf and PI3K may efficiently
regulate CRC cells.

None of the rectal patients in the current study underwent
radiotherapy either pre- or post-operatively, which may not represent
the standard of care of rectal cancer worldwide, and perhaps would
effect the outcome of the analysis. In rectal cancer, we would thus
examine the K-ras mutation status and prognosis in such patients who
undertake the standard therapy in the near future. Actually, we recently
adopted neoadjuvant chemoradiotherapy for localized advanced rectal
cancer before surgery [55,56]. Even if molecular target therapy such as
anti-EGFR MoAb is used, CRC at stage IV has a dismal prognosis
[51,52,57] and almost all patients will die of disease progression. That
is why improving the prognosis of CRC depends upon improving
treatment for curable cases, which includes adjuvant chemotherapy.
The most promising treatment strategy for CRC is therefore to develop
tailor-made adjuvant chemotherapy using novel indicators on the basis
of oncogenic mutational profiles as in the present study.
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FPURPQSE: Itis important to preoperatively identify
patients at high risk of relapse at extrapelvic sites or
residual disease after salvage surgery for locally recurrent
rectal cancer to maximize the survival benefit by
indicating whether a surgical approach might be
successful.

RFETHODS: Data from 101 consecutive patients who
underwent exploration with curative intent for local
recurrence after radical resection of rectal cancer were
retrospectively collected. Preoperative factors were
examined in univariate and multivariate analyses for
their ability to predict resectability and distant disease-
free survival.

RESULTS: The 5-year disease-specific survival rates of RO,
R1, and R2 resection were 43.3%, 19.5%, and 10.0%,
respectively (P < .001). In a logistic regression analysis,
upper sacral (above the inferior margin of the second
sacrum)/lateral invasive type and high-grade lymphatic
invasion of the primary tumor were associated with
palliative surgery. A Cox regression analysis revealed that
upper sacral/lateral invasive type, extrapelvic disease,
hydronephrosis at recurrence, and high-grade lymphatic
or venous invasion of the primary tumor were associated
with a lower distant disease-free survival rate. Patients
with one or more of these risk factors had a 3-year distant
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disease-free survival rate of 6.2% compared with 54.1%
for those with none of these risk factors.

CONCLUSICH: Tt was possible to preoperatively identify
patients at high risk of relapse or residual disease. This
system might be used on an individual basis to select
patients with locally recurrent rectal cancer for
chemotherapy or radiotherapy before surgical
intervention with curative intent.

KEY WORDS: Rectal cancer; Recurrence; Surgery.

~ n patients who undergo radical surgery for rectal can-
! cer, 4% to 30% develop locoregional relapse.’~* Since
.. the 1990s, several studies have reported 5-year survival
rates favorably ranging from 22% to 58% after resection of
locally recurrent rectal cancer (LRRC).>™*° These observa-
tions strongly support the view that surgery is the most
effective therapy for selected patients with LRRC, because
it offers a potential for long-term survival that is not pos-
sible with other treatment modalities. However, these ad-
vantages are tempered by the high incidence of postoper-
ative complications and the early development of a second
distant recurrence.”''™*> Without complete resection
(RO), these patients have a short life expectancy”*'?7*® and
tend to experience unpleasant symptoms, especially pain,
and their quality of life becomes extremely poor.'® The
patients who present with metastatic disease soon after a
curative resection of their local recurrence may experience
delays in systemic treatment secondary to complications
from surgery. Optimal patient selection and multimodal-
ity treatment strategies are desirable but difficult. We con-
ducted aretrospective study of patients with isolated pelvic
recurrences who underwent exploration with curative
intent to determine predictors of resectability and
distant disease-free survival after surgery. It may con-
tribute greatly to the development of methods for the
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Anastomotic site invasive type
Visceral/lower sacral invasive
type invasion into bone

Recurrent tumor is localized to the anastomotic site
 Recurrent tumor is localized to adjacent pelvic organs or connective tissue without contact onto or

* Recurrent tumor invades or abuts the lower sacrum (S3, 54, S5) or coccyx

Upper sacral/lateral invasive

e Recurrent tumor invades or abuts the structures on the lateral pelvic sidewall, including the greater

type sciatic foramen, sciatic nerve through to piriformis, gluteal region or cortex above the inferior
margin of the second sacrum (51, 52)

preoperative identification of patients likely to benefit
from surgery.

MATERIALS AND METHOBS

Patients Included in the Study

Between January 1981 and December 2006, a total of 101
consecutive patients (57 men and 44 women) underwent
surgical exploration with curative intent for LRRC at Aichi
Cancer Center Hospital. The patients’ ages ranged from 36
to 78 (median, 57) years. All of the patients had previously
undergone radical resection of the primary rectal adeno-
carcinoma. Fifty-five patients (54.5%) underwent surgical
treatment of their primary tumors elsewhere and were re-
ferred to our institution for treatment of their recurrences.
Details of the primary tumor and management were
obtained from the hospitals in which the patients were
originally treated. This included date of surgery, type of
operation, tumor (T) stage, node (N) stage, Dukes classi-
fication, lymphatic invasion, venous invasion, and histo-
logic grade of the primary tumor. The clinicopathological
features were retrospectively reviewed by use of case charts
and written pathological reports. The degree of lympho-
vascular invasion was classified according to the criteria of
the “General Rules for Clinical and Pathological Studies on
Cancer of the Colon, Rectum and Anus,”? in which lym-
phatic and venous invasions are classified as follows: no
invasion (grade 0), minimal invasion (grade 1), moderate
invasion (grade 2), and marked invasion (grade 3). This
classification was dichotomized, ie, classed as low (grade
0-1) or high (grade 2-3) for analysis. Local recurrence was
defined as tumor recurrence in the previous operative
field, and was classified according to the pattern of pelvic
invasion of the recurrent tumor (Table 1, Fig. 1). The ex-
tent of the locally recurrent tumor was classified by the 3
patterns of pelvic invasion on CT or MRI as follows: anas-
tomotic site invasive type, visceral/lower sacral invasive
type, and upper sacral/lateral invasive type. This classifica-
tion was based on modified criteria from the previous re-
ported pelvic invasive pattern of local recurrence (local-
ized, sacral, or lateral), which influenced prognosis after
resection.?’ Local recurrence occurred at a median of 17.9
months (range, 2.2-111.6 mo) after the initial operation.
Details of the operation for local recurrence, and of peri-
operative radiotherapy and chemotherapy were recorded.

Before the surgery for locoregional recurrence, 6 patients
had undergone liver resection, 3 had pulmonary resection,
one had both, one had peritonectomy, and one had ingui-
nal lymphadenectomy for distant metastases. At salvage
surgery for LRRC, 4 patients had liver metastases, 2 had
lung metastases, 1 had both, 1 had para-aortic nodal me-
tastasis, and 2 had localized peritoneal metastases. Meta-
static tumors in 3 of 10 patients with concurrent distant
metastases were resected simultaneously. In the remaining
7 patients, the initial plan for staged surgery was aban-
doned because the disease rapidly progressed to multiple
metastases after salvage surgery for the pelvic local disease.
These patients were entered into a group of incomplete
resections with gross residual disease for the analysis. In-
cluding the patients who had evidence of distant metastatic
disease before or at the time of resection of their local recur--
rence, a total of 22 patients included in the study were defined
ashaving extrapelvic disease. The entire cohort of 101 patients
was followed up completely, with a median follow-up time
for live patients of 53.7 months (range, 3.2-140.0 mo).

Precperative Evaluation

All patients underwent clinical assessment and preopera-
tive imaging to determine tumor resectability, to exclude
metastatic disease outside the pelvis, and to assess the gen-
eral fitness of the patient and ability to withstand major
surgery. Each patient underwent CT of the thorax and ab-
domen to exclude distant metastases and to assess involve-
ment of the bony pelvis. The presence of extensive abdom-
inal or thoracic metastases was considered to be a
contraindication to resection of the pelvic recurrence. Pa-
tients also underwent MRI of the pelvis to assess the loca-
tion of the tumor, its direction of invasion, and involve-
ment of local viscera and the pelvic sidewall structures.
Contraindications to locally curative surgery as deter-
mined by imaging included extensive pelvic sidewall in-
volvement or adherence, tumor encasement of the iliac
vessels, extension of the tumor into the sciatic notch, and
proximal sacral invasion above the level of the S1-S2 junc-
tion. Patients who had had surgery since 2000 in the study
underwent whole-body positron emission tomography
(PET) or PET-CT scans as part of their preoperative evalua-
tion. Although PET-CT scans are now a standard component
of preoperative assessment through improved diagnostic ac-
curacy, still, a 10% of false-positive rates in the detection of

215



DISEASES OF THE COLON & RECTUM VOLUME 53: 5 (2010) 781

FIGURE 1. A, Anastomotic site invasive type. B, Visceral/lower sacral invasive type. C, Upper sacral/lateral invasive type. Arrows reveal a
recurrent tumor.

pelvic recurrence in patients with colorectal cancer hasbeen  Stage and Treatment of Primary Tumars

reported.*? Therefore, histologic confirmation of malignancy ~ The initial tumor stage according to Dukes classification
by CT-directed fine-needle aspiration or biopsy per rectum  was A in 18 patients (17.8%), Bin 21 patients (20.8%), Cin
was obtained for all patients before surgical intervention. Se- 52 patients (51.5%), D in 5 patients (5.0%), and unknown
rum CEA concentration was measured in most patients as  in 5 patients (5.0%). All the metastatic tumors in patients
part of their preoperative workup. with Dukes stage D were resected simultaneously or
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Procedure Total  Withsacrectomy %
Age (y)? 57 (36-78) (58) Operation
Sex Local resection 10 0 2.9
Female 44 43.6 APR 22 9 218
Male 57 56.4 ‘Hartmann procedure 8 0 79
Interval to recurrence (mo)® 17.9(2.2-111.6) (24.2) LAR . 12 0 119
Recurrent disease TPE 36 16 356
Pelvic invasive pattern Posterior pelvic exenteration 13 6 129
Anastomotic invasive type 18 17.8 Margins at recurrent resection
Visceral/lower sacral invasive type 41 40.6 RO 62 614
Upper sacral/lateral invasive type 27 26.7 R1 20 19.8
Unknown 15 14.9 R2 19 18.8
CEA Ratiotherapy for recurrence
Normal 42 41.6 Yes 43 42.6
Elevated 54 53.5 External-beam radiation 43 426
Unknown 5 4.9 IORT 18 17.8
Extrapelvic disease No 57 56.4
Yes 22 21.8 Unknown 1 0.9
No 79 78.2 Chemotherapy for recurrence
Hydronephrosis Yes 41 40.6
Yes 5 49 No 59 58.4
No 83 82.2 Unknown 1 1.0
X UnkrTown 13 129 APR = abdominoperineal resection; LAR = low anterior resection; TPE = total pel-
Primary disease vic exenteration; IORT = intraoperative radiotherapy.
Dukes stage
A _ 18 17.8
B 21 208
C 52 51.5 i v y ¥
D 5 50 cil and tegafur) was administered to 33 patients and radio-
Unknown 5 5.0 therapy was given to 3 patients with tumors deemed to be
Histology at high risk for metastasis.
Well 21 20.8
deratel 2 713 e . s
mzc::;ui )ér — 77 ; p Climical Presentation of Recurrent Disease
Unknown 1 1.0 Fifty-one patients (50.5%) exhibited symptoms caused by
Lymphatic invasion their local recurrences, such as pelvic pain, rectal bleeding,
Grade 0-1 54 53.5 or changes in bowel habits. CEA levels on presentation
g p
S’ akde &= ?i ?2; were available for 96 patients: 54 had elevated levels and 42
Ve ngu:m’: sion ’ had normal levels (Table 2). The median CEA level on
Grade 0-1 70 69.3 presentation for the salvage surgery was 6.6 ng/mL (nor-
Grade 2-3 17 17.9 mal level, <5 ng/mL).
Unknown 14 12.8
Surgical procedure ,
Local resection 4 4.0
HAR 15 14.9
LAR : 46 45.5
APR 32 317 i
Hartmann procedure 4 4.0 0 oy 10 o
L a
HAR = high anterior resection; LAR = low anterior resection; APR = abdominoperi- Operative time (min) 495 (32-1101) (509)
neal resection. ) Blood loss (mL)? 2500 (0-24300) (4005)
2Values are median (range) (mean). Hospital stay (d)* 62 (6-466) (79)
In-hospital mortality 5 5.0
Morbidity 82 81.2
metachronously. Primary ‘cancers had been surgically Pelvic abscess 38 37.6
treated by transanal or transsacral resection (n = 4, 4.0%), Fistula ) 24 238
high anterior resection (n = 15, 14.9%), low anterior re Bayel castitction A 3%
. . ; > 0)s . } ; Leakage of ileal conduit 10 9.9
section (n = 46, 45.5%), abdominoperineal resection Wound infection 8 7.0
(APR) (n = 32, 31.7%), or Hartmann procedure (n = 4, Leakage of intestines 3 29
4.0%) (Table 2). Adjuvant chemotherapy, using 5-flu- Septicemia 2 2.0
orouracil plus leucovorin or 5-fluorouracil prodrugs (ura-  *Values are median (range) (mean).
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FIGURE Z. Kaplan-Meier estimates. A, Disease-specific survival after resection in the entire cohort (n = 101). B, Disease-specific survival after
resection by margin status of resected specimen. C, Local disease-free survival after resection in the entire cohort (n = 101). D, Distant disease-
free survival after resection in the entire cohort (n = 101). R0 = negative for disease; R1 = microscopically positive for disease; R2 = gross

residual disease.

Fregtment of Recurrence

Two patients received preoperative adjuvant radiation of
50 Gy during 5 weeks because preoperative imaging indi-
cated frank invasion of adherent structures. All 101 pa-
tients underwent a potentially curative resection of the lo-
cal recurrence. This included a local resection in 10
patients, APR in 13, APR with sacral resection in 9, Hart-
mann procedure in 8, low anterior resection in 12, total
pelvic exenteration (TPE) in 20, TPE with sacral resection
in 16, posterior pelvic exenteration in 7, and posterior pel-
vic exenteration with sacral resection in 6 (Table 3). TPE
was accompanied by urinary reconstruction by use of an
ileal conduit. Levels of sacral transection included S2 to S3
in 9 patients, S3 in 3 patients, S3 to S4 in 10 patients, S4 in
3 patients, and S4 to S5 in 6 patients. The extent of sacral
resection was limited to the distal sacrum below S2. Fro-

zen-section analysis was performed of the resected speci-
men and of the closest margins. On detection of any posi-
tive margins, further tissue was resected until negative
margins were achieved or until it was not possible to resect
further. Sixty-two of the patients underwent curative (R0)
resections with negative microscopic margins. Marginal
(R1) resections with positive microscopic margins were
performed for 20 patients, and incomplete (R2) resections
with gross residual disease were performed for 19 patients.
Eighteen patients (17.8%) with suspected or confirmed
microscopic residual disease in the pelvis received intraop-
erative radiotherapy (10—20 Gy). When the outcome of
frozen sections taken during surgery was positive with
macroscopic or gross residual disease, external beam ra-
diotherapy (45-50 Gy) was delivered postoperatively in 41
patients (40.6%). Forty-one patients received perioperative
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s

Multivariate (logistic)

Variable OR P OR P
Age

=60 vs <60 0.8 (0.4-2.1) 0.770 - =
Sex

Male vs female 1.3(0.5-2.9) 0.577 - -
Pelvic invasive pattern

Upper sacral/lateral vs anastomotic invasive type 7.0(1.8-27.5) 0.005 54.6(3.2-2.1941.0) 0.005

Visceral/lower sacral vs anastomotic invasive type 1.3(0.3-4.7) 0.708 3.3(0.3-38.4) 0.331
CEA

Normal vs elevated 0.5 (0.2-1.1) 0.079 - -
Extrapelvic disease

Yesvs no 3.0(0.7-2.1) 0.002 3.9(0.7-20.9) 0.112
Hydronephrosis

Yes vs no 3.0(0.5-18.7) 0.251 - -
Primary disease ' )
Lymph node metastasis

Yesvs no 4.8 (1.6-13.8) 0.004 3.6(0.6-19.8) 0.140
Histology

Well vs moderately 0.5(0.2-1.8) 0.311 - -

Mucinous or poorly vs moderately 1.8 (0.2-14.1) 0.561 - -
Lymphatic invasion®

Grade 2-3 vs grade 0-1 5.9(2.2-15.4) <0.001 11.7 (1.6-85.4) 0.015
Venous invasion®

Grade 2-3 vs grade 0-1 4.5(1.4-13.8) 0.008 1.5(0.2-14.1) 0.741

OR = odds ratio.
*Values in parentheses are 95% confidence intervals.

The degree of invasion was divided into 4 grades according to the Japanese criteria.?® Grade 0 = no invasion; grade 1 = minimal invasion; grade 2 = moderate invasion;

grade 3 = marked invasion.

chemotherapy, usually 5-fluorouracil-based, for the lo-
cally recurrent tumor, most frequently concurrent with ex-
ternal beam radiotherapy.

Statistical Analysis

Survival time was calculated from the date of surgery for
local recurrence of rectal cancer until the last follow-up
visit, or the occurrence of the defined events. Survival rates
were estimated using the Kaplan-Meier method. Compar-
isons of survival rates between groups were made using the
log-rank method. Multivariate survival analyses were per-
formed by use of a Cox proportional hazards model. Uni-
variate and multivariate analyses of factors influencing
curative (R0O) vs palliative (R1 or R2) resections were
performed by use of logistic regression. Multivariate
models were constructed based on variables known to
be predictive of risk of events in univariate models.??
Among the significant prognostic characteristics, vari-
ables measured during preoperative investigations were
chosen to establish a prediction model. Missing vari-
ables occupying more than 20% of the data set were
omitted from the model. For all tests, a P value of 0.05
was considered significant. ‘

RESULTS

Descriptive statistics regarding the surgeries are shown in
Table 4. The median operating time was 495 minutes
(range, 32-1101 min). Median blood loss was 2500 mL
(range, 0-24,300 mL). The median length of hospital stay
was 62 days (range, 6—466 d) with an in-hospital mortality
rate of 5.0%. The postoperative complication rate was
81.2% with the most common major complications being
pelvic abscess (37.6%), enterocutaneous or colovesical fis-
tula (23.8%), and bowel obstruction (20.8%).

The 1-, 3-, 5-, and 10-year disease-specific survival
rates for the 101 patients that underwent surgery for LRRC
were 87.9%, 47.5%, 32.0%, 17.5%, respectively, whereas
the median survival time for these patients was 33.6
months (Fig. 2A). Completeness of resection correlated
strongly with survival rates, as shown in Figure 2B. The
5-year disease-specific survival rates of curative (R0), R1,
and R2 resection were 43.3%, 19.5%, and 10.0%, respec-
tively (P <.001).

Prediciors of Curative Resection
Table 5 compares the characteristics of patients who un-
derwent curative and palliative resection. The pattern of

219



DISEASES OF THE COLON & RECTUM VOLUME 53: 5 (2010) 785

Univariate Multivariate (Cox)
Variable HR P HR P
Age
=60vs <60 0.5 (0.3-1.2) 0.118 - -
Sex
Male vs female 0.6 (0.3-1.2) 0.148 - -
Pelvic invasive pattern
Anastomotic vs upper sacral/lateral invasive type 0.2 (0.0-0.8) 0.028 0.2 (0.0-0.9) 0.045
Visceral/lower sacral vs upper sacral/lateral invasive type 0.5(0.2-1.2) 0.124 0.5 (0.2-1.1) 0.083
CEA
Normal vs elevated 0.6 (0.3-1.2) 0.170 - -
Extrapelvic disease
Yes vs no 1.3(0.6-2.7) 0.542 - -
Hydronephrosis
Yes vs no 1.0(0.2-4.3) 0.991 - -
Interval to recurrence (mo)
<12vs=12 x 1.1(0.5-2.2) 0.811 - %
Margins at recurrent resection
RO vs R2 0.5(0.2-1.2) 0.115 - -
R1vsR2 0.9(0.3-2.5) 0.882 - -
Chemotherapy for recurrent disease :
Yes vs no 1.3(0.7-2.6) 0.387 - -
Radiotherapy for recurrent disease
Yes vs no 2.0(1.5-3.9) 0.078 - -
Primary disease
Lymph node metastasis
Yes vs no 2.1(1.1-4.7) 0.046 2.0(0.8-5.0) 1.110
Histology .
Moderately vs well 2.2 (0.7-6.3) 0.157 - -
Mucinous or poorly vs well 3.2 (0.3-28.6) 0.306 - -
Lymphatic invasion®
Grade 2-3 vs grade 0-1 0.9(0.4-1.9) 0.705 - ‘ -
Venous invasion®
Grade 2-3 vs grade 0-1 0.6 (0.2-1.7) 0.328 - -

HR = hazard ratio.

Values in parentheses are 95% confidence intervals.

PThe degree of invasion was divided into 4 grades according to the Japanese criteria.2° Grade 0 = no invasion; grade 1 = minimal invasion; grade 2 = moderated invasion;
grade 3 = marked invasion.

pelvic invasion of the recurrent tumor (P = .005) and
grade of lymphatic invasion of the primary tumor (P =
.015) had significant effects on the possibility of curative
resection. The proportion of patients undergoing pallia-
tive resection was much higher in upper sacral/lateral
invasive type (66.7%) than in viscera/lower sacral
invasive type (26.8%) or anastomotic site invasive type
(22.2%).

Factors Affecting Local Disease-Free Survival After
Resection

The 1-, 3-, 5-, and 10-year local disease-free survival rates
of the entire cohort were 68.2%, 62.4%, 62.4%, and 62.4%,
respectively (Fig. 2C).

Univariate analyses suggested that the pattern of pelvic
invasion of the recurrent tumor (P = .028) and lymph
node metastasis of the primary tumor (P = .046) were
independently associated with local disease-free sur-
vival after salvage surgery. Multivariate analyses of fac-

tors identified as significant by univariate analyses re-
vealed that only the pattern of pelvic invasion of the
recurrent tumor (P = .045) retained statistical signifi-
cance (Table 6).

Factors Affecting Distant Disease-Free Survival After
Resection

The 1-, 3-, 5-, and 10-year distant disease-free survival
rates of the entire cohort were 59.5%, 36.8%, 31.8%, and
29.7%, respectively (Fig. 2D).

Univariate analyses suggested that margins at recur-
rent resection (P <.001), high-grade lymphatic (P = .004)
or venous (P = .004) invasion of the primary tumor, pres-
ence of hydronephrosis with recurrent tumor (P = .031),
presence of extrapelvic disease before or at resection (P <
.001), and the pattern of pelvic invasion of the recurrent
tumor (P = .001) were independently associated with dis-
tant disease-free survival after salvage surgery. Multivari-
ate analyses of factors identified as significant by univariate
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Univariate Multivariate (Cox)
Variable HR P HR P
Age
=60vs <60 1.3(0.7-2.1) 0.432 - -
Sex
Male vs female 1.1(0.7-2.0) 0.675 - -
Pelvic invasive pattern
Anastomotic vs upper sacral/lateral invasive type 0.4 (0.2-0.9) 0.019 0.5 (0.2-1.5) 0.228
Visceral/lower sacral vs upper sacral/lateral invasive type 0.4 (0.2-0.7) 0.001 0.4 (0.2-0.9) 0.040
CEA .
Normal vs elevated 0.7 (0.4-1.3) 0.259 - -
Extrapelvic disease
Yesvs no 2.7 (1.5-4.8) <0.001 2.3(1.1-52) 0.044
Hydronephrosis
Yes vs no 3.2(1.1-9.7) 0.031 3.4(0.9-12.3) 0.063
Interval to recurrence (mo)
<12vs=12 0.9 (0.5-1.7) 0.871
Margins at recurrent resection
RO vs R2 0.2 (0.1-0.4) <0.001 0.4 (0.1-0.8) 0.031
R1vsR2 0.6 (0.3-1.2) 0.150 0.8 (0.3-2.5) 0.761
Chemotherapy for recurrent disease
Yes vs no 0.9 (0.6-1.6) 0.805 - -
Radiotherapy for recurrent disease
Yes vs no 1.4 (0.8-2.3) 0.206 - -
Primary disease
Lymph node metastasis
Yesvsno 1.8 (0.9-3.3) 0.065 - -
Histology
Moderately vs well 1.3 (0.7-2.7) 0.433 - -
Mucinous or poorly vs well 0.7 (0.1-5.4) 0.725 - -
Lymphatic invasion®
Grade 2-3 vs grade 0-1 2.3(1.4-39) 0.004 3.1(1.3-7.5) 0.009
Venous invasion®
Grade 2-3 vs grade 0-1 2.6 (1.3-5.1) 0.004 0.7 (0.2-1.8) 0.418

HR = hazard ratio.

*Values in parentheses are 95% confidence intervals.

®The degree of invasion was divided into 4 grades according to the Japanese criteria.2’ Grade 0 = no invasion; grade 1 = minimal invasion; grade 2 = moderated invasion;
grade 3 = marked invasion.

analyses revealed that margins at recurrent resection (P =
.031), lymphatic invasion of the primary tumor (P = .009),
extrapelvic disease (P = .044), and the pattern of pelvic
invasion of the recurrent tumor (P = .040) retained statis-
tical significance. Hydronephrosis showed borderline sig-
nificance (P = .063) (Table 7).

Relatienship Betvween Fattern of Recurrence and
Curabifity

The incidence rates of distant and local diseases at 2 years
after resection of LRRC were shown according to the cur-
ability in Figure 3. Patients with R2 demonstrated an inci-
dence rate of distant diseases higher than that of the pa-
tients with R1, and almost twice that of the patients with RO
(R2, 77.0%; R1, 67.1%; RO, 38.7%). However, patients
with R1 and R2 had identical 2-year incidence rate of local
diseases after resection of LRRC (R2, 45.5%; R1, 47.0%;
RO, 30.9%).

221

Estabifshment of a Model Predicting Treatment Failure
After Surgery
Among the significant prognostic factors by univariate
analyses (Table 7), lymphatic or venous invasion of the
primary tumor, hydronephrosis with recurrent tumor, ex-
trapelvic disease before or at resection, and the pattern of
pelvic invasion of the recurrent tumor were chosen as the
factors that could be detected before an operation for
LRRC. Multivariate analyses of these factors revealed that
lymphatic invasion of the primary tumor (P < .001), hy-
dronephrosis (P = .043), extrapelvic disease (P = .016),
and the pattern of pelvic invasion of the recurrent tumor
(P = .001) retained statistical significance. Venous inva-
sion of the primary tumor showed borderline significance
(P =.079) (Table 8).

We assigned the patients to 2 groups based on the 5
preoperative investigated risk factors identified for sys-
temic failure after treatment: those with no risk factors and
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FIGURE 2. A, Time to distant metastases by curability. B, Time to
local diseases by curability. RO = negative for disease; R1 =
microscopically positive for disease; R2 = gross residual disease.

those with at least one risk factor. We found a statistically
significant difference in the distant disease-free survival
curves for the 2 risk groups (P < .001). The 3-year distant
disease-free survival rate decreased from 54.1% in patients
with no risk factors to 6.2% for those with one or more risk
factors (Fig. 4).

DISCUSSION

In studies that have analyzed factors affecting the survival
of patients after resection of LRRC, the possibility of per-
forming curative resection has been consistently reported
as a significant determinant of survival. The reported
5-year survival rates vary from 22% to 58% after obtaining
RO resection.>? Although the validity of an RO resection
has been established, this can only be achieved in approx-
imately 45% of cases, ranging from 10% to 67% in the
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Muttivariate (Cox)

Variable HR P

Pelvic invasive pattern
Anastomotic vs upper sacral/lateral
invasive type
Visceral/lower sacral vs upper sacral/
lateral invasive type
Extrapelvic disease

0.4 (0.1-1.1) 0.072

0.2 (0.1-0.6) 0.001

Yes vs no 2.9(1.2-6.8) 0.016
Hydronephrosis
Yes vs no 3.7(1.1-14.3) 0.043
Primary disease
Lymphatic invasion®
Grade 2-3 vs grade 0-1 49(1.9-12.5) <0.001
Venous invasion®
Grade 2-3 vs grade 0-1 2.1(0.7-5.9) 0.07¢

Values in parentheses are 95% confidence intervals.

HR = hazard ratio.

*The degree of invasion was divided into 4 grades according to the Japanese crite-
ria.2° Grade 0 = no invasion; grade 1 = minimal invasion; grade 2 = moderated
invasion; grade 3 = marked invasion.

published literature.>*~>® Negative resection margins were
achieved in 61% of the patients in our study. The limita-
tions of preoperative diagnosis are reflected by the fact that
there were a number of palliative resections in locally re-
current diseases that had been considered resectable. On
the other hand, the majority of patients with recurrence
after resection for LRRC developed extrapelvic disease be-
fore or at the time of resection.”'*"* In the present study,
which is the first to analyze prognostic predictors of sys-
temic failure after treatment, the distant disease-free sur-
vival curve had a steep decline within one year after resec-
tion, indicating a high frequency of residual or subclinical
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FIGURE 4. Distant disease-free survival after resection based on the
number of risk factors.
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metastatic disease outside the pelvis in patients with iso-
lated LRRC. It is essential to predict failure patterns accu-
rately in patients with treatable LRRC so that appropriate
therapy can be selected as an adjunct to extensive surgery
for the local recurrence. The incidence of treatment failure
could be reduced by specific prophylactic measures includ-
ing adjuvant radiotherapy and chemotherapy. Multimo-
dality treatment of LRRC is essential. The aim of the
present study was to identify predictors of local and sys-
temic failure after surgery.

This study identified several variables that affect cura-
tive surgery. In the multivariate analysis, the pattern of
pelvic invasion of the recurrent tumor visualized by only
preoperative imaging, which needed no histopathological
confirmation, had the greatest impact on a curative resec-

tion for patients with recurrent disease limited to the anas-
tomosis. This group has been reported previously to
represent a small but favorable subset of local recurrenc-
es.>?12%%% In contrast, a high frequency of the recurrent
tumors of the upper sacral/lateral invasive type were not
amenable to curative resection. We found that pelvic re-
currences involving or attaching to the lateral pelvic side-
walls were less likely to be curatively resected than those
involving axial or anterior lesions, which hasled to a higher
incidence rate of distant diseases after resection; dissemi-
nated spread might be the major reason for not undertak-
ing curative resection. In addition, sacral involvement
above the S2 narrows the therapeutic window because of
the functional sequelae of higher resections and the small
likelihood of obtaining clear margins, making these recur-
rences difficult to control. The biological aggressiveness of the
primary tumor, represented by the lymphatic invasion, was
also asignificant predictor of curative resection. Although im-
aging studies provide valuable information, the ability to pre-
dict margins preoperatively would be of great value.
Although some reports deal with factors that poten-
tially influence survival after reoperation in cases of
LRRC,”®*! high-grade lymphatic or venous invasion of
the primary tumor, presence of hydronephrosis with re-
current tumor, presence of extrapelvic disease before or at
resection, and the pattern of pelvic invasion of the recur-
rent tumor were first established as predictors of systemic
failure after reoperation. Hydronephrosis does not neces-
sarily preclude a curative resection,”” butall 5 patients with
hydronephrosis (2 in RO, 3 in R1) in this study manifested
systemic diseases within 2 years after surgery. Hydrone-
phrosis occurring under circumstances of sidewall in-
volvement or ureteral obstruction at the bladder, requiring
more extended resections, may portend a poor outcome.
In cases of distant metastasis, we extended the indications
to 22 patients with one or 2 metastases. This group
achieved a curative resection rate of 41%, a 2-year distant
disease-free survival rate of 11%, and a 3-year disease-spe-
cific survival rate of 18%. However, none survived 5 years.

KANEMITSU ET AL: RESECTION OF RECURRENT RECTAL CANCER

The presence of extensive abdominal or thoracic metasta-
ses is considered to be a contraindication to resection of the
pelvic recurrence. However, our experience has demon-
strated that highly selected patients with this traditional
adverse factor can experience medium-term survival fol-
lowing reoperation for LRRC. Therefore, we did not delete
extrapelvic disease from the analysis.

Preoperative selection of patients at a high risk for fail-
ure after reoperation is particularly important given the
high morbidity, as shown in our study, that can be incurred
by an aggressive surgical approach to LRRC. The classifi-
cation system based on variables selected by multivariate
analysis assigned patients undergoing resection for LRRC
to 2 groups, each with a different probability of developing
relapse at extrapelvic sites or residual disease. This system
was able to define a group of patients with a 3-year distant
disease-free survival rate of only 6.2%. The majority of
patients with at least one risk factor developed extrapelvic
disease within one year; none of these patients had an op-
erable recurrence. They would not benefit from surgery
alone. Multimodality treatment strategies are critical for
selecting and supporting these patients perioperatively and
over the long term. With the development of new and
more effective chemotherapeutic regimens for the treat-
ment of colorectal cancer, strong consideration should be
given to preoperative adjuvant treatment for LRRC to
maximize the chance of clear margins, and to suppress
residual or subclinical metastatic disease outside the pelvis.
There is still much room for improvement, in particular,
for patients at a high risk for treatment failure after reop-
eration.”” Our predictive model may help to delineate pa-
tients who will subsequently benefit from addition of che-
motherapy or radiotherapy before operating with curative
intent for LRRC. This model should be validated in a
larger, unselected population.

CONCLUSICR

The ability to obtain a negative margin, highly predicted by
the pattern of pelvic recurrence on imaging, is critical for
avoiding local and systemic failure. Our results suggest
that, in addition to preoperative imaging, certain biologi-
cally related tumor factors of the patients, ie, high-grade
lymphatic or venous invasion of the primary tumor, pres-
ence of hydronephrosis with recurrent tumor, and pres-
ence of extrapelvic disease, will be important in their selec-
tion for pelvic resections. Preoperative treatments for a
selected LRRC have the potential to downsize bulky dis-
ease, optimize the ability to perform an R0 resection, and
optimize long-term patient outcomes. This system might
be used on an individual basis to determine when surgery
would be most beneficial and to select patients with LRRC
for chemotherapy or radiotherapy before surgical inter-
vention with curative intent.
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Abstract

Background The goal of this study was to validate a
survival nomogram at a single center, originally developed
at multiple institutions in Japan, which combines readily
available preoperative variables to predict overall survival
after resection of pulmonary metastases from colorectal
cancer. '
Methods An external patient cohort from a prospective
pulmonary metastases database at the Aichi Cancer Center
in Japan was used to test the validity of the pulmonary
metastases from a colorectal cancer nomogram. The cohort
included 58 consecutive patients who had surgery between
January 1999 and December 2005. Nomogram predictions
for 3- and 5-year overall survival were calculated for each
patient and compared with actual survival. The concor-
dance index was used as an accuracy measure.

Results Data for all necessary variables were available
for all patients. At the last follow-up, 30 patients were
alive, with a median follow-up of 39 (range, 5-94) months.
The 1-, 2-, 3-, and 5-year overall survival rates were 96.6,
84.5, 70.5, and 48.9%, respectively. The nomogram con-
cordance index was 0.81 with excellent calibration for both
3- and 5-year overall survival rates.
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Conclusions The high predictive accuracy of pulmonary
metastases from a colorectal cancer nomogram demon-
strates that this predictive tool derived at multiple institu-
tions can be applied to a small cohort of patients in a single
center.

Introduction

Among patients who undergo curative resection for colo-
rectal cancer, 10-20% will develop pulmonary metastases
[1-3]. Surgical resection is an important component in the
treatment of pulmonary metastases from colorectal cancer.
The majority of institutions depend on easily accessible
clinical parameters, such as tumor quantity, size, and
location, to evaluate operability. However, criteria for
resection of pulmonary metastases are not yet well estab-
lished and reliable prognostic factors after pulmonary
metastasectomy remain to be determined.

The ability to combine multiple clinically available
prognostic factors in a scoring system would serve as a
useful basis for clinical decision making. A nomogram is a
mathematical model that utilizes prognostic variables in an
attempt to calculate percentage survival in the short- and
long-term. These have been developed and rigorously
validated for use in soft tissue sarcomas, prostate cancer,
and breast cancer [4-7]. A prognostic nomogram for pul-
monary metastases from colorectal cancer was developed
from a large cohort of 313 patients treated by high-volume
surgeons between 1990 and 1998 at 11 major medical
centers throughout Japan (Fig. 1). Performance of this
model has been subsequently validated on 357 patients
treated by high- and low-volume surgeons between 1990
and 2000 at another 72 hospitals in Japan. Validation of
this dataset successfully demonstrated similar performance

@ Springer

225



2974

World J Surg (2010) 34:2973-2978
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characteristics that were not significantly different from
those initially developed [8].

Despite good performance of the nomogram in a sepa-
rate dataset, concerns related to the generalizability of the
nomogram remained. It is unclear that a prognostic
nomogram developed at multiple institutions in Japan by
analyzing data on patients in the past few decades pertain
to a patient with pulmonary metastases from colorectal
cancer whose disease was treated by recent advanced

chemotherapy and surgery at a single center. Systems that .

are underfit may demonstrate reproducibility but not con-
sistent transportability [9]. External validation on several
cohorts is essential to ensure the universal applicability of
the nomogram [10]. The goal of this study was to validate
the accuracy of the colorectal cancer pulmonary metastases
nomogram against an independent data series at a single
cancer center.

Materials and methods
Patients included in the study

A total of 58 consecutive patients who underwent pul-
monary resection for metastatic colorectal cancer at the
Aichi Cancer Center between January 1999 and December
2005 were identified prospectively. Data were supple-
mented by retrospective case chart review. All patients had
previous complete resection of primary colorectal cancer.
Synchronous identification of pulmonary metastasis from
colorectal cancer was found in 11 patients at diagnosis. The
primary cancer was resected and these 11 patients restaged
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approximately 1 month later; because CT did not reveal
irresectable metastatic disease and conditions remained
favorable, pulmonary resection was performed. A total of
23 patients had extrathoracic disease, including 18 with
hepatic spread in conjunction with the pulmonary metas-
tasis. Of 18 patients with both hepatic and pulmonary
metastases, the liver-first approach was applied, in which
resection of hepatic metastases precedes resection of the
pulmoﬁary metastases. Although patients with extratho-
racic disease underwent multiple surgical resections at
separate times in this way, no patients developed major
complications after pulmonary resection. Principally, lim-
ited resection (wedge resection or segmentectomy) was the
procedure of the choice, and normal pulmonary paren-
chyma was preserved as much as possible. Lobectomy was
performed for multiple tumors in the same lobe or >3.0 cm
in diameter. Video-assisted thoracoscopic surgery (VATS)
was indicated since 1998 for metastatic lesions occupying
less than one-third of the peripheral lung and with a
maximum diameter of 2.0 cm. Hilar or mediastinal lymph
node dissection was used to sample lymph nodes of most
patients who underwent lobectomy. There were no patients
treated with radiofrequency ablation. Although all patients
underwent potentially curative resection, 54 of these
patients (91.5%) had curative (R0) resections with negative
microscopic margins. Nine patients underwent adjuvant
chemotherapy (tegafur/uracil/leucovorin or tegafur/uracil)
after pulmonary metastasectomy. Adjuvant use reflected
the policy of individual physicians.

Criteria for pulmonary resection were: metastatic lesions
confined to the lung and technically resectable, no evidence
of extrathoracic metastases at the time of thoracotomy,



World J Surg (2010) 34:2973-2978

2975

cardiorespiratory function capable of tolerating complete
resection of all pulmonary tumors, and the primary tumor
was controlled.

Contrast-enhanced helical computed tomography (chest,
2-mm slice thickness; abdomen, 5-mm slice thickness) was
routinely performed to exclude patients with extrapulmo-
nary metastases or irresectable multiple metastases. Some
patients who had had surgery since 2000 in the study also
underwent whole-body positron emission tomography
(PET) or PET-CT scans as part of their preoperative
evaluation.

Variables

Viriables utilized in the colorectal cancer pulmonary
metastases nomogram were primary histology (mucinous/
poor, well, or moderate), number of pulmonary metastases,
enlarged hilar or mediastinal lymph nodes (yes or no),
extrathoracic disease (yes or no), and prethoracotomy
carcinoembryonic antigen (CEA) level (ng/ml). All of
these variables were routinely measured during preopera-
tive workup. All records of the 58 patients were complete
regarding the information needed for calculation of
nomogram predictions.

Follow-up

All patients were seen at the outpatient clinic at 3- to 4-
month intervals during the first 2 years and every 6 months
thereafter for 3 years. Follow-up was complete in all
patients until April 2008. Overall, median follow-up was
39 (range, 5-94) months, and median follow-up of the
survivors was 51 (range, 29-89) months.

Statistical analysis

Nomogram validation comprised two activities. First,
discrimination of the nomogram was quantified with the
concordance index (c-index) [11]. The c-index is a
modification of the area under the receiver operating
characteristic curve (AUC), which was adapted to fit
censored data [10]. Its interpretation is similar to that for
AUC. '

Second, calibration was assessed. Calibration compares
the predicted probability of overall survival with the actual
survival. This was performed plotting Kaplan-Meier
curves for survival, stratified by nomogram prediction.
Patients were categorized into quartiles of nomogram-
derived risk (e.g., 0-25, 25-50, 50-75, and 75-100%). All
analyses were performed using S-Plus® 2000 professional
software (Statistical Sciences, Seattle, WA) with the
Design and Hmisc libraries added [12].

Results

The 1-, 2-, 3-, and 5-year overall survival rates for the 58
patients were 96.6, 84.5, 70.5, and 48.9%, respectively.
Wedge resection or segmentectomy was performed in 43
patients and lobectomy in 15 patients. The 5-year overall
survival rates of limited resection and lobectomy were 53.5
and 37.3%, respectively (p = 0.108). Metastases or
recurrences were identified in 35 of the 58 patients after
pulmonary resection (lung, 25; liver, 8; lymph nodes, 5;
local, 5; bone, 4; brain, 3; peritoneum, 1). Of these, 7
patients had surgery (lung, 4; liver, 3; local, 2), 23 received
chemotherapy, and 9 received chemoradiotherapy. Various
chemotherapy regimens were performed for irresectable
metastases or recurrences. Basically, a 5-fluorouracil or
irinotecan regimen was mainly used between 1999 and
2003. FOLFOX (infusional S5-fluorouracil/folinic acid/
oxaliplatin) or FOLFIRI (infusional 5-fluorouracil/folinic
acid/irinotecan) after 2004.

Descriptive statistics for two patient populations are
presented in Table 1 and comprise that from the original
nomogram study and our current cohort. Differences
between these two cohorts included a higher rate of ex-
trathoracic disease, a higher number of patients who had
moderately differentiated adenocarcinoma, and a lower
percentage of patients who had hilar or mediastinal tumor-
infiltrated lymph nodes at a computed tomography in the
Aichi Cancer Center (ACC) cohort.

The nomogram c-index was 0.81 when the pulmonary
metastases from colorectal cancer nomogram was applied
to the patients from ACC. Figure 2 illustrates Kaplan—
Meier curves for patients, stratified by quartiles of pre-
dictions from the nomogram. For each of the four strata in
Fig. 2, Kaplan—Meier curves remain within the boundaries
of the 3- or 5-year predictions and are clearly separated
(p < 0.0001). The predictions from the nomogram were
divided into four roughly equal groups depending on their
points.

Discussion

Surgical resection of pulmonary metastases is currently the
treatment of choice in patients with colorectal cancer. For
the most part, clinicians have made predictions nonquan-
titatively, working from a combination of clinical experi-
ence and published reports to decide whether to
recommend surgery for a particular individual. In several
studies, the number of pulmonary metastases [13-15],
presence of extrathoracic disease [16], presence of hilar or
mediastinal tumor-infiltrated lymph nodes [15, 17], CEA
level [13, 14, 16-19], and lymphatic invasion by pulmon-
ary tumor [20, 21] were reported as independent predictors
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Table 1 Clinical characteristics
of the patients in two
independent cohorts

Nomogram ACC cohort
derivation cohort
(n = 313) - (n=58)

Age at thoracotomy (yr)*
Sex ratio (F:M)
Primary site
Colon
Rectum
Histology of primary tumor
Well-differentiated
Moderately differentiated

Mucinous or poorly differentiated

61 (26-83) (60) 62 (36-84) (62)

Metastatic lymph nodes (primary lesion)

No
Yes
Distribution of pulmonary lesions
Ipsilateral
Bilateral

No. of pulmonary tumors®

Size of largest pulmonary tumor (cm)®

130:183 31:27
126 (40.3) 23 (39.7)
187 (59.7) 35 (60.3)
150 (47.9) 18 (31)
129 (41.2) 38 (65.5)
34 (10.9) 2(3.5)
124 (39.6) 22 (37.9)
189 (60.4) 36 (62.1)
236 (75.4) 45 (77.6)
77 (24.6) 13 (22.4)

1 (1-29) 2.1)
2.5 (1-37) (3)

1 (1-8) (1.8)
2.0 (1-8) (2.3)

Hilar or mediastinal tumor-infiltrated lymph nodes

No
Yes
Extrathoracic disease
No
Yes

Prethoracotomy CEA level (ng/ml)*

Interval between primary and
pulmonary resection (mo)*
Adjuvant chemotherapy
No
Yes
Patient status

Data in parentheses are .
p Alive

percentages unless otherwise
indicated

ACC Aichi Cancer Center, CEA
carcinoembryonic antigen, CRC
colorectal cancer :

Died from unknown cause
Died from CRC

? Data are median (range)

Patient treatment period
(mean)

Died from cause of other than CRC

Died from treatment complications

274 (87.5) 55 (94.8)
39 (12.5) 3(5.2)

229 (73.2) 35 (60.3)
84 (26.8) 23 (39.7).

6.7 (0.6-555) (19.4)
30.6 (—4.6 to 111.7) (35.9)

3.3 (0.5-548) (20.2)
21.3 (1.7 to 117.5) (28)

228 (72.8) 49 (84.5)
85(21.2) 9 (15.5)
134 (42.8) 30 (51.7)
13 (4.2) 1(1.7)
21 (6.7) 0(0)

141 (45) 27 (46.6)
4 (1.3) 0 (0)

Between 1980 and 1998 Between 1999 and 2005

of mortality after thoracotomy. Previous studies vary in
quality, often with conflicting findings. Unfortunately,
patients rarely bear simple prognostic factors; they present
with rich and complex arrays of historical, physical, and
laboratory findings.

Unless clinical prediction instruments combine a sub-
stantial amount of such information, predictions about
individual patients lack power and accuracy. An appro-
priate treatment policy should include an estimate of the
baseline risk, which can be achieved with a risk model that
integrates relevant prognostic features. On the basis of
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findings from a multi-institutional dataset in Japan, a pre-
operative nomogram that estimates overall survival prob-
abilities for the 3-year period immediately after surgery
was developed. Thoracotomy seems warranted for patients
with a high probability of survival 3 years after operation.
However, the risk of overtreating patients with a predicted
life expectancy of less than 3 years after thoracotomy
should be avoided because most patients die shortly after.
Identifying patients with short life expectancy before
treatment by using clinical parameters can prove advanta-
geous when counseling patients and their relatives
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Fig. 2 Patient survival stratified by quartiles of nomogram predic-
tions for 60-month overall survival

regarding potential therapeutic and nontherapeutic inter-
ventions. This nomogram performed consistently when
applied to patients treated in a large number of institutions
by contemporary internal and external validation methods
[8]. External validation of published nomograms is useful
because it otherwise remains unclear whether the predic-
tive accuracy reported in the original study can be applied
more universally.

A prognostic nomogram for pulmonary metastases from
colorectal cancer was validated by an external cohort at a
single center, at different treatment times, and with dif-
ferent follow-up periods in the present study. A c-index of
0.81 was generated when the multi-institutional colorectal
cancer pulmonary metastases nomogram was applied to a
cohort of only 58 patients. A c-index of 0.81 implies that,
for 81% of randomly selected pairs of patients, the patient
predicted to have a worse prognosis will actually die first.
Although not perfect, this represents a high level of pre-
dictive accuracy [22]. Conversely, because of a high
amount of missing data or a shorter follow-up period, the
original estimates of the value of this nomogram may have
been suboptimal (c-index = 0.72). Compared with the
original cohort, patients in this study comprised a higher-
risk population. For example, a considerably higher num-
ber had moderately differentiated adenocarcinoma as the
primary tumor histology and extrathoracic disease. Despite
these differences, the 5-year overall survival (48.9%) was
better than that of the nomogram derivation dataset
(38.3%) [8], possibly reflecting the recent progress in
chemotherapy regimens and targeted agents given for
metastases or recurrences after thoracotomy. The nomo-
gram maintains accuracy when it is tested in cohorts from

~ ever-evolving field of multimodality

different historical periods, enabling the model to account
for the improved prognosis of patients treated more
recently.

Recent experience has demonstrated that patients with
traditionally adverse factors can experience long-term
survival after liver resection. Total number of resectable
metastases, whether inside or outside the liver, impacts
prognostic value more than the location of the metastases.
Consequently, the presence of disease outside the liver
should no longer be considered a strict contraindication for
liver resection, provided that the disease outside the liver is
resectable [23-25]. A similar shift has occurred in the
criteria of whether a macroscopically and microscopically
complete (RO) resection of the lung can be achieved [21].
Watanabe et al. [21] have reported that previous or con-
current hepatectomy for liver metastases seems warranted
when RO surgery is possible for patients with pulmonary
metastases from colorectal cancer. Therefore, the inclusion
of extrathoracic disease into the nomogram prediction
model allows for a more realistic approximation of whether
a patient will be alive for a defined period of time in the
treatment for
advanced colorectal cancer.

A higher nomogram score was shown to be associated
with poor survival. Figure 2 indicates that the quartiles of
median survival predictions by the nomogram were asso-
ciated with different observed period of survival
(p < 0.0001). Although the calibration graph was difficult
to depict given the small sample size, the overall actual
survival of patients in the present study was found to be
stratified into four risk groups based on predicted survival
from the nomogram (Fig. 2). Such stratification helps to
identify those who may benefit from therapy before sur-
gery. The ability to preoperatively stratify the prognosis of
patients would have the following benefits: (1) it would
increase the information available to patients when
obtaining their informed consent; (2) it would enable
assessment of the need for perioperative chemotherapy;
and (3) and it would facilitate comparative studies and
clinical trials.

In summary, the nomogram for pulmonary metastases
from colorectal cancer is confirmed to be predictive in a
dataset independent from those previously published, and it
is transportable to a smaller sized population recently
treated by high-volume surgeons at a single cancer center.
This study demonstrated that the combined information
from five commonly used clinical variables could predict
outcome in a highly accurate fashion. Patient counseling
and adjuvant therapy decision-making will benefit from use
of this nomogram.
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Abstract

Colorectal cancer (CRC) is one of the most common
malignant diseases in the world. Presently, the most
widely used staging system for CRC is the tumor nodes
metastasis classification system, which classifies patients
into prognostic groups according to the depth of the
primary tumor, presence of regional lymph node (LN)
metastases, and evidence of distant metastatic spread.
The number of LNs with confirmed metastasis is related
to the severity of the disease, but this number depends
on the number of LNs retrieved, which varies depending
on patient age, tumor grade, surgical extent, and tumor
site. Numerous studies and a recent structured review
have demonstrated associated improvements in the
survival of CRC patients with increasing numbers of LNs
retrieved for examination. Hence, the impact of lymph
node ratio (LNR), defined as the number of metastatic
LNs divided by the number of LNs retrieved, has been
investigated in various malignancies, including CRC. In
this editorial, we review the literature demonstrating
the clinicopathological significance of LNR in CRC pati-
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ents. Some reports have indicated the advantage of
considering the LNR compared to the number of LNs
retrieved and/or LN status. When the LNR is taken
into consideration for survival analysis, the number of
LNs retrieved and/or the LN status is not always found
to be a prognostic factor. The cut-off points for LNRs
were proposed in numerous studies. However, optimal
thresholds for LNRs have not yet received consensus.
It is still unclear whether the LNR has more prognostic
validity than N stage. For all these reasons, the potential
advantages of LNRs in the staging system should be
investigated in large prospective data sets.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION

Colorectal cancer (CRC) is among the most common mali-
gnant diseases in the Western world, whereas cancers of the
upper gastrointestinal tract (esophagus and stomach) and
liver are more predominant in the Eastern world. However,
many Asian countries, including Japan, have experienced a
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