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ABSTRACT

Background. The impact of primary tumor location on

overall survival (OS), recurrence-free survival (RFS), and

long-term outcomes has not been well established in

patients undergoing potentially curative resection of col-

orectal liver metastases (CRLM).

Methods. A single-institution database was queried for

initial resections for CRLM 1992–2004. Primary tumor

location determined by chart review (right = cecum to

transverse; left = splenic flexure to sigmoid). Rectal can-

cer (distal 16 cm), multiple primaries, and unknown

location were excluded. Kaplan–Meier and Cox regression

methods were used. Cure was defined as actual 10-year

survival with either no recurrence or resected recurrence

with at least 3 years of disease-free follow-up.

Results. A total of 907 patients were included with a

median follow-up of 11 years; 578 patients (64%) had left-

sided and 329 (36%) right-sided primaries. Median OS for

patients with a left-sided primary was 5.2 years (95%

confidence interval [CI] 4.6–6.0) versus 3.6 years (95% CI

3.2–4.2) for right-sided (p = 0.004). On multivariable

analysis, the hazard ratio for right-sided tumors was 1.22

(95% CI 1.02–1.45, p = 0.028) after adjusting for common

clinicopathologic factors. Median RFS was marginally

different stratified by primary location (1.3 vs. 1.7 years;

p = 0.065). On multivariable analysis, location of primary

was not significantly associated with RFS (p = 0.105).

Observed cure rates were 22% for left-sided and 20% for

right-sided tumors.

Conclusions. Among patients undergoing resection of

CRLM, left-sided primary tumors were associated with

improved median OS. However, long-term survival and

recurrence-free survival were not significantly different

stratified by primary location. Patients with left-sided pri-

mary tumors displayed a prolonged clinical course

suggestive of more indolent biology.

Colorectal cancer is the third most common cancer in

the United States with approximately 140,000 new cases

diagnosed annually.1 Large population-based studies have

demonstrated that survival following surgery for colon

cancer differs by tumor location.2–4 In these reports, tumor

location is classified as proximal (right) or distal (left)

depending on the relationship to the splenic flexure of the

colon. This distinction is based on embryology, because the

right colon develops from the midgut and the left colon

from the hindgut. Tumors within these unique regions are

known to differ in regard to clinicopathologic factors, such

as microsatellite instability (MSI) and BRAF mutation

rates.5–7 The prognostic implication of primary tumor

location has been expanded to patients with metastatic

disease.8 In recent prospective trials of metastatic and

unresectable colorectal cancer, improved progression-free
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survival (PFS) and overall survival (OS) were observed in

patients with left-sided primary tumors.9–11 However,

unlike those with widespread metastatic disease, patients

with limited colorectal liver metastases (CRLM) are can-

didates for surgery with the potential for long-term survival

and cure.12–14 The prognostic implication of primary tumor

location has not been well examined in patients with

resectable CRLM and long-term follow-up.

Among patients selected for hepatectomy, preoperative

factors, such as the size and number of hepatic metastases,

reflect the extent of liver disease and are associated with

outcomes.15–17 Prognostic variables related to the primary

tumor also impact survival. Controlling for the size and

number of hepatic metastases, lymph node involvement and

lymphovascular invasion (LVI) also have been associated

with differences in survival after hepatic resection.18

However, these previous studies and current clinical risk

scores did not examine the significance of right versus left-

sided primary tumors following hepatic resection of CRLM.

Two recent studies have analyzed primary tumor location in

patients undergoing hepatectomy for CRLM.19,20 Left-

sided primary tumors were associated with an improved

median OS in both. These studies, however, were limited by

a short follow-up. Thus, the ultimate clinical implication of

primary tumor location in patients undergoing hepatectomy

for CRLM requires further study.

The purpose of this study was to determine the impact of

primary tumor location on recurrence-free (RFS), OS, and

actual 10-year survival for patients undergoing hepatic

resection for metastatic colon cancer.

METHODS

Study Design and Patients

All patients referred to a surgeon at Memorial Sloan

Kettering Cancer Center are recorded in a prospectively

maintained departmental database. A waiver of Health

Insurance and Portability and Accountability Act autho-

rization was obtained and patients were queried from the

database that had initial hepatic resection for CRLM from

1992 to 2004 without macroscopic (R2) residual disease.

All patients in the selected time interval had sufficient

follow-up to assess for 10-year survival outcomes. Patients

with postoperative death or \ 90 day follow-up were

excluded. Consistent with previous publications, right-

sided colon primary was defined as tumors in the cecum,

ascending colon, hepatic flexure, or transverse colon.2,3

Left-sided primary tumors were defined as those in the

splenic flexure, descending colon, and sigmoid. Patients

with rectal cancer (distal 16 cm), multiple primaries, or

unknown location of primary were excluded. Rectal cancer

was excluded as it represents a subset of patients with

unique therapeutic strategies and distinct outcomes.

Demographic and clinicopathologic variables were

supplemented with review of the medical record. Clinical

risk score (CRS) has been previously reported and was

dichotomized into low-risk (0–2) and high-risk (3–5)

groups.15 Disease-free interval (DFI) \ 12 months is a

variable in the CRS and also includes patients with syn-

chronous CRLM. Positive margin was defined as malignant

cells at the inked surface of the transected liver.21 Extra-

hepatic disease included patients with additional metastatic

lesions known at the time of hepatectomy and resected at

the same time or within the next 6 months.22 Perioperative

chemotherapy was defined as any chemotherapy adminis-

tered within 3 months of surgery. Cure was defined as

actual 10-year survival with either no recurrence or

resected recurrence with at least 3 years of disease-free

follow-up from the time of last resection.

Data Analysis

Categorical variables were reported with frequency and

percentage. Continuous variables were reported as median

and range. Differences between groups were assessed with

the chi-square test or Fisher’s exact test. RFS and OS were

calculated from the date of hepatic resection until the time

of first recurrence (for RFS) or until the time of death (for

OS), whichever came first. Patients alive by the end of the

study were censored. OS after recurrence was calculated

among the subset that had a recurrence. RFS, OS, and OS

among recurrence patients were estimated using Kaplan–

Meier methods and compared using log-rank test. A Cox

proportional hazards model was used to evaluate the

independent association between location of primary

tumors and outcomes and adjusted for known clinical

confounders. Variables with a higher percentage of

unknown, such as LVI and perineural invasion (PNI) of the

primary, were not included in the multivariable OS and

RFS models. Instead, subset analyses were performed to

examine the association between tumor location and OS

after controlling for LVI or PNI on patients with complete

data. P\ 0.05 was considered statistically significant, and

95% confidence intervals were used where appropriate. All

analyses were performed in SAS version 9.3 (SAS Institute

Inc, Cary, NC).

RESULTS

Patient Characteristics

Overall, 1316 patients underwent initial, complete hep-

atic resection for CRLM between 1992 and 2004. From this
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group, patients with postoperative death (n = 35) or no

follow-up beyond 90 days (n = 70) were excluded.

Patients with rectal primaries (n = 292), multiple pri-

maries (n = 8), and unknown primary location (n = 4)

were excluded. The remaining 907 patients formed

the study population with 329 (36.3%) right-sided and

578 (63.7%) left-sided primary tumors. Perioperative

chemotherapy was administered to [ 90% of patients

(n = 837), including patients who received chemotherapy

preoperatively only (n = 42, 4.6%), postoperatively only

(n = 384, 42.3%), and both (n = 411, 45.3%). Periopera-

tive hepatic artery infusion (HAI) pump was utilized for

29.5% of patients (n = 268, preoperative = 21, postoper-

ative = 247). Detailed clinicopathologic factors of the

primary tumor and extent of disease are listed in Table 1.

Left-sided primary was associated with younger median

age (62.6 vs. 65.4 years, p = 0.001) and less frequently a

DFI\ 12 months (50.5% vs. 61.4%, p = 0.002).

Recurrence-Free Survival

Recurrence following hepatic resection was identified in

70.0% (635/907) of patients. For the entire study cohort,

Kaplan–Meier estimates of RFS at 3 years was 34% (95%

confidence interval [CI] 31–37) and at 5 years was 27%

(95% CI 24–30). Figure 1 demonstrates a marginal dif-

ference in RFS with regard to primary location that

approaches but does not reach statistical significance (log

rank, p = 0.065). The median RFS for patients with a

right-sided primary tumor was 1.3 years (95% CI 1.1–1.6)

compared with 1.7 years (95% CI 1.5–2.0) for those with a

left-sided primary tumor. Three- and five-year RFS was

29.0% (95% CI 24.2–34.0) and 24.3% (95% CI 19.8–29.1)

respectively for right-sided tumors. For left-sided primary

tumors, 3- and 5-year RFS was 37.0% (95% CI 33.0–41.0)

and 28.6% (95% CI 24.9–32.4) respectively. On multi-

variable analysis, location of primary tumor was not

associated with a significant difference in RFS (hazard

ratio (HR) 1.14; 95% CI 0.97–1.35, p = 0.105; Table 2).

Overall Survival

Median follow-up among survivors was 11.4 years.

Five-year OS for the whole cohort was 46% (95% CI

42–49). Figure 2a demonstrates that OS following hepa-

tectomy was significantly different stratified by primary

location, with a median OS of 3.6 years (95% CI 3.2–4.2)

for patients with a right-sided primary tumor compared

with 5.2 years (95% CI 4.6–6.0) for those with a left-sided

primary tumor (log-rank = 0.004). Five-year OS for right-

sided primary tumors was 38.5% (95% CI 33.3–43.9)

compared with 50.4% (95% CI 46.1–54.5) for left-sided

primary tumors. The difference in OS by primary location

was adjusted for known prognostic clinicopathologic

variables and the results of the multivariable model are in

Table 3. Controlling for these factors, the HR for patients

with a right-sided primary was 1.22 (95% CI 1.02–1.45,

p = 0.028) compared with the left-sided primary. Among

patients with complete data on LVI status (n = 533),

location of primary tumor remained significantly associ-

ated with OS (HR 1.25, 95% CI 1.01–1.54, p = 0.039, data

not shown). However, among the subset with known PNI

status (n = 412), location of primary was not associated

with OS (HR 1.17, 95% CI 0.92–1.48, p = 0.1774, data not

shown).

Among 635 patients with recurrence, patients with a

right-sided primary had a median OS after recurrence of

1.5 years (95% CI 1.2–1.8) compared with 2.2 years (95%

CI 2.0–2.5) for patients with a left-sided primary. Five-year

estimated OS after recurrence was 13.5% (95% CI

9.0–18.3) for patients with a right-sided primary tumor and

22.7% (95% CI 18.6–27.3) for those with a left-sided pri-

mary tumor (p\ 0.001; Fig. 2b).

Utilizing our definition of cure based on actual 10-year

survival, cure was observed in 20.3% (67/329) of patients

with a right-sided primary compared with 22.0% (127/578)

of patients with a left-sided primary tumor (p = 0.57).

DISCUSSION

Location of the primary tumor has become an increas-

ingly recognized prognostic factor in metastatic colorectal

cancer (mCRC).8–11 Analysis of recent prospective trials in

patients with mCRC treated with palliative chemotherapy

have demonstrated prolonged PFS and OS associated with

left-sided primary tumors. The overall impact, however, of

primary tumor location in patients undergoing potentially

curative resection of CRLM requires further evaluation.

Two recent studies have looked at primary tumor location

and early outcomes following hepatic resection.19,20 Our

study is the first to investigate the effect of primary tumor

location in a cohort of patients with hepatectomy for

CRLM and long-term follow-up. Patients with left-sided

primary tumors had a significantly improved median OS

compared with right-sided tumors, and improved OS was

observed among the subgroup of patients that had recurred.

However, with long-term follow-up, there was no differ-

ence in RFS stratified by primary tumor location or the

rates of observed cure. Overall, patients with left-sided

primary tumors displayed a more prolonged and indolent

clinical course without any difference in the ultimate rates

of death.

In our series, patients with liver metastases from left-

sided primary tumors were younger and more often pre-

sented with longer DFI. The latter finding supports the idea
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of a more protracted course for patients with left-sided

primary tumors. Other variables related to the primary

tumor (T-stage, nodal status, LVI, PNI, grade), liver

metastases (number and size), extrahepatic disease, and

resection (margin status) were not different between

patients stratified by primary tumor location. Thus, the

difference in outcomes following hepatic resection sup-

ports the hypothesis that left-sided primary tumors harbor

more indolent tumor biology not fully characterized by

clinicopathologic factors in current risk scores. The pur-

pose of this study was not to reevaluate all potential

variables related to survival, although known perioperative

factors remained associated with OS (age, CEA[ 200,

size and number of liver tumors, margin, extrahepatic

disease, and lymph node stage of primary). Among factors

TABLE 1 Patient demographics and clinicopathologic

characteristics

Patient

characteristics

Right-sided

primary

(total = 329)

Left-sided

primary

(total = 578)

N (%) N (%) p

Age at surgery,

median (range)

65.4 (26–86) 62.6 (23–89) \ 0.001

Gender 0.553

Male 180 (54.7) 328 (56.7)

Female 149 (45.3) 250 (43.3)

T stage for

primary tumor

0.885

1 9 (2.7) 13 (2.2)

2 38 (11.6) 69 (11.9)

3 241 (73.3) 412 (71.3)

4 25 (7.6) 48 (8.3)

Unknown 16 (4.9) 36 (6.2)

N stage for

primary tumor

0.144

N0 126 (38.3) 223 (38.6)

N1 113 (34.3) 231 (40.0)

N2 88 (26.7) 119 (20.6)

Unknown 2 (0.6) 5 (0.9)

LVI for primary

tumor

0.665

No 108 (32.8) 183 (31.7)

Yes 82 (24.9) 160 (27.7)

Unknown/

missing

139 (42.2) 235 (40.7)

PNI for primary

tumor

0.318

No 122 (37.1) 186 (32.1)

Yes 35 (10.6) 69 (11.9)

Unknown/

missing

172 (52.3) 323 (55.9)

Tumor grade 0.157

Well 4 (1.2) 16 (2.8)

Moderate 255 (77.5) 451 (78.0)

Poor 34 (10.3) 41 (7.1)

Unknown/

missing

36 (10.9) 70 (12.1)

CEA 0.155

\ 200 255 (77.5) 447 (77.3)

C 200 38 (11.6) 48 (8.3)

Unknown/

missing

36 (10.9) 83 (14.3)

DFI (mo) 0.002

\ 12 202 (61.4) 292 (50.5)

C 12 127 (38.6) 286 (49.5)

TABLE 1 continued

Patient

characteristics

Right-sided

primary

(total = 329)

Left-sided

primary

(total = 578)

N (%) N (%) p

Size of largest

liver tumor

0.858

\ 5 222 (67.5) 387 (67.0)

C 5 107 (32.5) 191 (33.0)

Multiple liver

tumor

0.809

1 172 (52.3) 307 (53.1)

[ 1 157 (47.7) 271 (46.9)

Clinical risk

score

0.664

0–2 172 (52.3) 283 (49.0)

3–5 119 (36.2) 209 (36.2)

Unknown 38 (11.6) 86 (14.9)

Extrahepatic

disease

0.263

No 304 (92.4) 545 (94.3)

Yes 25 (7.6) 33 (5.7)

Margin 0.191

Negative 308 (93.6) 527 (91.2)

Positive 21 (6.4) 51 (8.8)

Perioperative

chemotherapy

0.919

Yes 304 (92.4) 533 (92.2)

No 25 (7.6) 45 (7.8)

Hepatic artery

infusion pump

0.381

Yes 103 (31.3) 165 (28.5)

No 226 (68.7) 413(71.4)

Bold values highlight the significant p values
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that comprise the CRS, DFI\ 12 months was the only

variable that did not reach statistical significance on mul-

tivariate analysis and further highlights the limitations of

clinical prognostic factors. Rather, this study was designed

to control for known clinicopathologic variables related to

survival and determine the impact of primary location in a

large, consecutive series of patients.

Patients with left-sided primary tumors had significantly

different median OS. These results correspond with what

has been previously reported regarding the impact of pri-

mary location on OS in patients with metastatic colon

cancer treated with palliative chemotherapy.9–11 The

patient cohort that undergoes resection of CRLM is highly

selected. However, it appears that left-sided primary loca-

tion is a consistent factor that correlates with a prolonged

clinical course. Patients with left-sided primary tumors also

displayed a longer interval between recurrence and death.

This finding suggests that recurrences after hepatic resec-

tion from right-sided tumors may be less amenable to

resection, less responsive to therapy, or simply more

rapidly progressive. Recent evidence indicates that primary

location impacts the efficacy of chemotherapy in RAS wt

patients.9,10 In these studies, the authors suggest that fur-

ther molecular and genetic factors related to the primary

tumor (MSI, methylation, BRAF mutations) may provide a

better explanation for this difference. Although patients

with BRAF mutations infrequently present with

resectable CRLM, the frequency of such mutations is
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FIG. 1 Kaplan–Meier curve of recurrence-free survival (RFS)

stratified by primary location. Median RFS for patients with a right-

sided primary tumor was 1.3 years (95% CI 1.1–1.6) versus 1.7 years

(95% CI 1.5–2.0) for those with a left-sided primary tumor

(p = 0.065)

TABLE 2 Univariate and multivariable analysis of factors associated with RFS following hepatic resection for CRLM

Univariate Multivariable

HR (95% CI) p HR (95%) p

Location

Right colon 1.15 (0.99–1.33) 0.066 1.14 (0.97–1.35) 0.105

Left colon Ref Ref

Age at surgery* 0.97 (0.91–1.04) 0.472 0.98 (0.91–1.06) 0.626

CEA (C 200 vs.\ 200) 1.83 (1.44–2.31) \ 0.001 1.34 (1.04–1.74) 0.025

DFI (\ 12 vs.[ 12 months) 1.23 (1.07–1.45) 0.004 1.18 (0.99–1.39) 0.052

Largest liver tumor (C 5 vs.\ 5) 1.48 (1.27–1.73) \ 0.001 1.41 (1.18–1.70) \ 0.001

N stage of primary tumor \ 0.001 \ 0.001

N0 Ref Ref

N1 1.33 (1.12–1.57) 1.44 (1.20–1.74)

N2 1.62 (1.33–1.95) 1.63 (1.32–2.01)

No. of liver lesions \ 0.001 0.004

One Ref Ref

More than one 1.34 (1.15–1.55) 1.27 (1.01–1.49)

Margin status \ 0.001 \ 0.001

Negative Ref Ref

Positive 2.02 (1.58–2.59) 2.2 (1.67–2.89)

Extrahepatic disease \ 0.001 \ 0.001

No Ref Ref

Yes 2.48 (1.89–3.25) 2.3 (1.73–3.27)

Bold values highlight the significant p values

*HR estimated every 10 years increased in age at surgery
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higher in right-sided primary tumors.23 The patients in this

study are from a time period before molecular data was

collected. Thus, we are not able to elucidate the associa-

tions between primary tumor location and these mutations

in our dataset. Nonetheless, primary location, as a potential

surrogate for higher-risk disease characteristics, adds a

component to our current understanding of metastatic

colon cancer.

The impact of primary location after resection of CRLM

appears to diminish with regard to overall rates of cure.

While primary tumor location impacts median OS, the

observed cure rates were not different. Prolonged follow-

up demonstrated that approximately 20% of patients were

cured regardless of primary location. Therefore, primary

tumor location, by itself, has limited utility to improve

current methods of patient selection for hepatic resection of

CRLM. Our findings suggest the primary location, at pre-

sent, should not change surgical decision-making.

However, this study lays the foundation for further inves-

tigations regarding primary tumor location, molecular data,

and specific treatments, such as systemic or hepatic artery

infusion chemotherapy.

This is the first study to examine the impact of primary

tumor location on resected CRLM patients with long-term

survival. Two recent publications also have reported an

improved median OS after hepatic resection in patients

with left-sided tumors.19,20 However, these studies differ

with regard to RFS and duration of follow-up. Sasaki et al.

recently published a report of primary location on RFS and

OS following liver resection for CRLM.19 In a cohort of

475 patients, these authors found improved RFS in patients

with right-sided primary tumors. However, patients with

right-sided tumors were more likely to recur with advanced

disease and had worse OS after recurrence. These results

do not correspond with our larger dataset. On the contrary,

RFS in our cohort demonstrated a marginally worse RFS

for patients with a right-sided primary, although it did not

reach statistical significance. In a study set of 725 patients,

Yamashita et al. recently reported a significantly worse

RFS and OS for patients with right-sided primary tumors.20

Both studies had less then 3 years median follow-up among

survivors. On the contrary, with a median follow-up among

survivors of 11 years, our study has the potential to more

thoroughly address the impact of primary location on long-

term survival outcomes. In our study, after adjusting for

known clinical confounders, patients with right-sided pri-

mary tumors were at increased risk of all cause mortality

than left-sided tumors.

Our study has several limitations. As a retrospective

analysis, it is subject to inherent bias regarding, selection,

follow-up, and missing data. Furthermore, many of the

current prognostic variables regarding the primary colon

tumor were not routinely collected for patients undergoing

hepatectomy, including MSI status and KRAS and BRAF

mutations, due to the years and scope of the project.24–26 In

the same way, LVI and PNI status, although potentially

important, were missing for many patients and thus were

not included in the full model. Hepatic artery infusion has

been shown to impact HDFS. However, we did not include

it in the multivariate model, because the rates were similar

between groups, and it was a clinical decision as opposed

to prognostic factor.27 Further investigations, that minimize

missing data and include molecular characteristics of the

primary, will help to explain the reason behind these

observed differences in outcomes. Nonetheless, this is a
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FIG. 2 a Kaplan–Meier curve of overall survival (OS) stratified by

primary location. Median OS of 3.6 years (95% CI 3.2–4.2) for

patients with a right-sided primary tumor versus 5.2 years (95% CI

4.6–6.0) for those with left-sided primary tumors (p = 0.004). b OS

as measured from the time of recurrence (n = 635) stratified by

primary location. Patients with a right-sided primary had a median OS

after recurrence of 1.5 years (95% CI 1.2–1.8) versus 2.2 years (95%

CI 2.0–2.5) for patients with left-sided primary (p\ 0.001)
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large series with prolonged follow-up that reveals the

impact of primary location on survival and cure following

hepatic resection of metastatic colon cancer.

CONCLUSIONS

Among patients selected for hepatic resection of CRLM,

left-sided primary tumors were independently associated

with an improved median OS. However, primary tumor

location was not associated with differences in RFS or

long-term survival. Patients with left-sided primary tumors

display a prolonged clinical course suggestive of more

indolent tumor biology.
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