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ABSTRACT 

Title: Prognostic Significance Of Surgical Margin Size After Neoadjuvant Chemotherapy For 

Colorectal Liver Metastases: Implications For Post-Resection Chemotherapy  

 

Background: Optimal margin size for patients undergoing resection of colorectal liver metastases 

(CRLM) remains unclear, particularly in the setting of perioperative chemotherapy. We evaluated 

the prognostic significance of margin status and size in patients who received neoadjuvant 

chemotherapy with modern agents prior to resection of CRLM.  

 

Methods: Clinicopathologic factors were collected for all patients who underwent curative liver 

resections for CRLM between 4/2004- 1/2016 and received neoadjuvant chemotherapy with 

Irinotecan and/or Oxaliplatin and 5-FU (FOLFOX, FOLFIRI). Margin sizes were categorized as <1, 

≥1-<5, ≥5-<10, or ≥10 mm, and evaluated for association with overall (OS) and disease-free 

survival (DFS) by Cox multiple regression analysis. Margin status was classified as positive (<1 

mm) or negative (≥ 1mm) and similarly evaluated. 

 

Results: Many of the 227 patients had synchronous (80%) or bilobar (43%) lesions. Median age 

was 58 years and 48% were female. The majority of patients had colon cancers (75%), while 

25% had rectal cancers. Margin sizes were as follows: 13% <1mm, 27% ≥1-<5mm, 23% ≥5-

<10mm, and 36% ≥10mm. Adjuvant chemotherapy post liver resection was administered to 63% 

of patients. Five-year OS and DFS were 54% (95% CI: 46-62%) and 22% (95% CI: 16-28%), 

respectively. Positive margins significantly reduced OS (HR= 4.27, p=0.0012) if patients did not 

receive adjuvant chemotherapy, but not if patients did receive adjuvant chemotherapy (HR= 1.20, 

p=0.70). Negative margin sizes of ≥1-<5, ≥5-<10, and ≥10 mm were not independent predictors 

of OS (p>0.05 for all). 

 

Conclusion: Patients undergoing liver resection for colorectal liver metastases should undergo 

post liver resection chemotherapy if negative margins (>1mm) cannot be achieved.  In the era of 

modern chemotherapy, size of the negative resection margin did not impact OS. These findings 

highlight the importance of obtaining negative margins, but a wide margin is not necessary for 

long term survival. 
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INTRODUCTION 

Colorectal cancer remains the third leading cause of cancer death in the world (1), with 

20–25% of patients presenting with liver metastases at the time of diagnosis and an additional 

50-60% developing liver metastases thereafter (2, 3). Liver resection offers the greatest 

possibility of cure. Historically only 20% of patients with colorectal liver metastases (CRLM) 

present with “resectable” lesions (4). Modern oncosurgical approaches, including routine use of 

effective perioperative chemotherapeutic regimens, have increased the number of patients who 

are able to undergo a liver resection (5-11).  

Prior studies evaluating patient outcomes after liver resection for CRLM have identified 

numerous clinicopathologic and treatment-related prognostic factors. Many studies have 

demonstrated that a positive resection margin (<1 mm) is a poor prognostic indicator traditionally 

considered a contraindication to surgical resection (12-17). While there is consensus that a 

negative margin (R0) portends better outcomes, the optimal width of a resection margin and its 

impact on outcomes remains under debate.  

More recently, the issue of optimal surgical margin width has reemerged with increasing 

use of effective perioperative chemotherapy (18). Regimens consisting of 5-FU with oxaliplatin 

(FOLFOX) and/ or irinotecan (FOLFIRI) result in resection rates of 9-40% among initially 

unresectable patients (19, 20). Since neoadjuvant administration of chemotherapy enables tumor 

shrinkage and may minimize micrometastatic disease, margin width needs to be reevaluated in 

this context (21). We hypothesized that in the setting of effective neoadjuvant chemotherapy, 

margin size does not serve as a prognostic indicator of overall or disease-free survival. The aim 

of this study was to evaluate the prognostic significance of margin status and margin width in a 

homogeneous, modern population of patients who received neoadjuvant chemotherapy with a 5-

FU backbone and oxaliplatin and/or irinotecan regimens followed by resection of the CRLM.  
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METHODS 

Study Design and Patients 

Clinicopathologic data for patients who underwent liver resection for colorectal liver 

metastases between 4/2004-1/2016 was collected by retrospective chart review. This study was 

approved by the MGH/ Partners IRB. Patients with colorectal cancer liver metastases were 

identified by an institution-wide query for ICD-9 diagnosis codes 153.9  (Malignant neoplasm of 

colon, unspecified site) and 197.7 (malignant neoplasm of liver, secondary) and from an 

institutional ACS National Surgical Quality Improvement Program® (ACS NSQIP®) database. 

Additional patients were identified using an institutional pathology database.  

All patients underwent resection of a primary colorectal cancer, received systemic 

neoadjuvant chemotherapy with Irinotecan and/ or Oxaliplatin and 5-FU (FOLFOX, FOLFIRI, or 

FOLFIRINOX) prior to liver resection, and had ≥3 months follow-up after liver resection. Exclusion 

criteria included previous resection of liver metastases, R2 liver resection, evidence of 

extrahepatic disease prior to or at the time of liver resection, receipt of radiofrequency ablation 

(RFA) (prior to or at the time of liver resection), no curative resection of the primary colorectal 

cancer, and <3 months post- liver resection follow-up. Chart review was conducted to confirm the 

above inclusion/ exclusion criteria and to collect clinicopathologic and treatment- related 

information. Margin size was based on final pathologic analysis, and defined as distance of the 

lesion from the closest transected liver surface with the closest margin utilized when multiple 

metastases were present. Margin sizes were categorized as <1, ≥1-<5, ≥5-<10, or ≥10 mm, and 

evaluated for association with overall (OS) and disease free survival (DFS). To evaluate 

prognostic significance, margin sizes were evaluated sequentially (<1 vs ≥1-<5, ≥1-<5 vs ≥5-<10, 

≥5-<10 vs ≥10 mm) and using <1 mm as a reference (<1 vs ≥1-<5, <1 vs ≥5-<10, <1 vs ≥10 mm). 

Margin status was classified as positive (<1 mm) or negative (≥1 mm) and similarly evaluated for 

association with OS and DFS.  

Clinicopathologic and treatment-related factors were included in Cox proportional 

hazards multiple regression analyses to adjust for potential confounders and to identify predictors 

of OS and DFS. These factors were selected based on clinical relevance and prior findings in the 

literature(22), and included: age at surgery, sex, pT and pN of the primary colorectal cancer, 

adjuvant post liver resection chemotherapy, size of largest metastasis, distribution of metastases 

(monolobar vs bilobar), resection type (major vs minor), total number of metastases at the time of 

resection, and total number cycles of chemotherapy (neoadjuvant + adjuvant). Metastases were 

classified as synchronous if diagnosed within 6 months of the primary. We did not include pre-

liver resection CEA because many patients were referred from outside and had the level 

measured at different institutions and at varying time points. In addition, disease-free interval was 

not included as the majority of patients (80%) presented with synchronous metastases.  
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Outcomes  

Overall survival was calculated from the date of curative liver resection to the date of 

death or the last encounter with the patient as identified via chart review. Date of the final liver 

resection was utilized in the setting of two-stage hepatectomy. Deaths were recorded from chart 

review and the U.S. Social Security Death Index based on name, date of birth, and social security 

numbers. Recurrence was determined by chart review, and data recorded included site of first 

recurrence and treatment of the recurrence. Disease free survival was calculated from the date of 

curative liver resection to the date of recurrence as confirmed by imaging or biopsy and 

documented in the medical record. Based on follow-up imaging with CT or MRI, site of recurrence 

was categorized as marginal (abutting the surgical margin), other intra-hepatic (not localized to 

transection surface), or extrahepatic (lung, brain, bone, lymph nodes, etc.).  

 

Statistical Analysis 

Kaplan-Meier survival curves were used to calculate the 3-, 5-, and 10-year overall and 

disease-free survival in the entire cohort, as well as according to margin size (<1, ≥1-<5, ≥5-<10, 

and ≥10 mm). Cox proportional hazards multiple regression models were used to identify 

predictors of OS and DFS, with a two-sided p value of 0.05 considered statistically significant. All 

statistical analyses were performed with SASS/ Stata.  
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RESULTS 

Patient characteristics 

The median age at liver resection for the 227 patients who met the inclusion criteria was 

58 years (range 28-83). The majority (80%) of patients presented with synchronous metastases 

and 43% were bilobar, with a median of 2 metastases (range 0-21) at resection. Margin sizes 

were as follows: 13% <1 mm, 27% ≥1-<5 mm, 23% ≥5-<10 mm, and 36% ≥10 mm. Positive 

margins were significantly more prevalent in patients with bilobar (PR= 0.39, p=0.03) and larger 

metastases (PR= 1.14, p<0.0001). Resection type (major vs minor) and number of metastases 

were not associated with increased prevalence of positive margins (p>0.05). Adjuvant 

chemotherapy post liver resection was administered in 63% of patients. The median total cycles 

of chemotherapy (neoadjuvant + adjuvant) received was 12 (range 1-22). [Table 1]  

 
Recurrence patterns and predictors 

Disease recurrence occurred in 70% (160/227) of patients at a median of 11 months post 

liver resection (mean 13, range 1-69). Recurrence status was unknown for one patient. Site of 

initial recurrence was as follows:  63 (39%) liver only, 30 (19%) liver and extrahepatic, 24 (15%) 

lung only, 4 (3%) local colorectal, and 38 (24%) other extrahepatic.  For the 63 patients who 

experienced liver only recurrence, 26 (41%) underwent redo hepatectomy with (n=15) or without 

(n=11) additional chemotherapy or radiation therapy. 35 (56%) patients received chemotherapy 

or radiation without repeat hepatectomy, and 1 (2%) patient received palliative care only. 

Treatment was unknown for 1 patient. 

The 160 patients with recurrence were categorized as having recurrence at the hepatic 

margin (14%), other intrahepatic site(s) (39%), or extrahepatic only (41%). For 9 patients imaging 

was incomplete. 38% (9/24) of patients with positive margins had a margin recurrence, compared 

to 11% (14/127) of patients with negative margins (PR= 3.24, 95% CI: 93-784%, p=0.00014). 

Including adjuvant chemotherapy as a control variable, the prevalence of recurrence at the 

hepatic margin remained significantly greater for positive compared to negative margins in 

patients with (PR= 4.32, 95% CI: 1.98-8.93, p= 0.000084) and without (PR= 4.18, 95% CI: 1.90-

8.70, p=0.00017) adjuvant chemotherapy. There was no significant interaction between margin 

status and adjuvant chemotherapy on prevalence of hepatic margin recurrence (p=0.13). 

 

Disease-free Survival 

 

Median DFS was 15 months (95% CI: 12-16), with 3-, 5-, and 10-year rates of 27% (95% 

CI: 21-34%), 22% (95% CI: 16-28%), and 21% (95% CI: 15-27%), respectively [Figure 1]. DFS 

was reduced with decreasing margin sizes (p=0.0021) [Table 2]. In a Cox multiple regression 

model for DFS, there was no statistically significant impact of margin size on risk of recurrence 
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when compared sequentially as <1 vs ≥1-<5 mm (HR= 1.40, p= 0.42), ≥1-<5 vs ≥5-<10 mm (HR= 

1.13, p=0.59), and ≥5-<10 vs ≥10 mm (HR=1.66, p=0.16). Using <1 mm as a reference, a margin 

size of ≥10 mm (HR= 2.63, p=0.0096) but not ≥5-<10 mm (HR= 1.58, p=0.36) was significantly 

associated with DFS. Adjuvant chemotherapy status was included as a stratification variable, and 

the interaction between margin size and adjuvant chemotherapy was non-significant for DFS 

(p>0.05).  [Table 3] 

When margin status was evaluated in a separate Cox multiple regression model, positive 

margins significantly reduced DFS compared to negative margins (HR= 1.66, p=0.046). Number 

of metastases was also a significant predictor of DFS in this model (HR= 2.19, p<0.0001). Other 

factors were non-significant for association with DFS (p>0.05 for all).  

 

Overall Survival 
Median OS was 66 months (95% CI: 54-85), with 3-, 5-, and 10-year OS of 76% (95% CI: 

69-81%), 54% (95% CI: 46-62%), and 27% (95% CI: 18-37%), respectively [Figure 2]. OS was 

reduced with decreasing margin sizes (p<0.0001) [Table 2]. In a Cox multiple regression model 

for OS, there was no statistically significant impact of margin size on risk of death when evaluated 

sequentially as <1 vs ≥1-<5 mm (HR= 1.81, p= 0.38), ≥1-<5 vs ≥5-<10 mm (HR= 1.42, p= 0.74), 

and ≥5-<10 vs ≥10 mm (HR= 0.79, p= 0.92). Using <1 mm as a reference, margin sizes of ≥5-<10 

mm (HR= 2.58, p=0.085), and ≥10 mm (HR= 2.05, p= 0.36) were also not significant for 

association with OS. [Table 4] In a separate Cox multiple regression model evaluating margin 

status, adjuvant chemotherapy was found to significantly modify the effect of margin status on OS 

(p<0.05). Patients with positive margins had a 4.3-fold increased risk of death compared to those 

with negative margins in the absence of adjuvant chemotherapy (HR= 4.27, p=0.0012). However, 

there was no significant difference in risk of death between patients with positive and negative 

margins when adjuvant chemotherapy was administered (HR= 1.20, p= 0.70). Adjuvant 

chemotherapy significantly reduced the risk of death for patients with both positive (HR= 0.15, 

p=0.0011) and negative (HR=0.53, p=0.015) margins. [Table 5] 
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DISCUSSION 

Optimal margin size and its impact on outcomes for patients undergoing hepatic 

resection of CRLM in the modern era of chemotherapy are not fully understood. In this study of 

227 patients who received neoadjuvant chemotherapy prior to resection of CRLM, positive 

margins (<1 mm) significantly reduced DFS (HR= 1.66, p=0.046) and increased the risk of death 

among patients who did not receive post liver resection chemotherapy (HR= 4.27, p=0.0012). 

However, there was no significant difference in OS according to margin status in patients who did 

receive post liver resection chemotherapy (HR= 1.20, p=0.70). Negative margin sizes of ≥1-<5, 

≥5-<10, and ≥10 mm were not independent predictors of overall survival when compared 

sequentially or to a reference of <1 mm margin (p>0.05 for all). These findings highlight the 

importance of obtaining negative margins (≥1 mm), without evidence of a long term survival 

benefit from wide margins. Our data further suggest a role for post liver resection chemotherapy if 

negative margins cannot be achieved.  

Management of colorectal liver metastases has evolved over the past several decades, 

particularly with the emergence of effective chemotherapeutic agents including oxaliplatin and 

irinotecan-based regimens (FOLFOX and FOLFIRI). The prognostic significance of margin size 

after liver resection has been evaluated in numerous prior studies performed prior to routine 

administration of modern chemotherapeutic agents. A >1 cm margin was previously considered 

the minimum necessary for hepatic resection of CRLM (23-26). However, this concept was 

challenged by a 2005 multi-institutional study by Pawlik et al demonstrating that width of a 

negative resection margin does not impact overall survival (13). More recently, a 2015 study by 

Sadot et al evaluating 2,368 patients found that width of the resection margin is an independent 

predictor of OS. This study represented one of the largest cohorts in the literature addressing this 

question, however, patients were treated over 20 years, only 42% received perioperative 

chemotherapy with modern agents, and neoadjuvant chemotherapy was not routinely 

administered at the institution during this period (27).  

Findings from prior studies evaluating margin status in patients who received 

neoadjuvant chemotherapy suggest that negative margins improve survival, but R1 resection may 

not predict worse outcomes in patients who respond well to chemotherapy (7, 28). A 2013 study 

by Andreou et al included 378 patients who underwent neoadjuvant chemotherapy followed by 

liver resection for CRLM, and found that R1 resection was an independent predictor of worse OS, 

with the greatest impact among patients who had a suboptimal response to neoadjuvant 

chemotherapy (7). In fact, there was no significant difference in survival between R0 and R1 

resection for patients considered optimal responders to neoadjuvant chemotherapy. This study 

evaluated the prognostic significance of margin status but not negative margin width, and did not 

evaluate DFS or include data on recurrence. Two additional studies have demonstrated no 

significant difference in overall or recurrence-free survival between R0 and R1 resection for 
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patients who underwent neoadjuvant chemotherapy (29, 30). 

To our knowledge, the current study represents the first to evaluate the prognostic 

significance of margin width on outcomes in a homogeneous cohort of patients who received 

chemotherapy with modern agents prior to resection of CRLM. The 5-year overall and disease-

free survival rates were 54% and 22%, respectively, which are compatible with prior reports (5-7, 

9, 10). Bilobar metastases and larger metastasis were predictors of an R1 resection. Positive 

margin status was an independent predictor for risk of recurrence (HR= 1.66, p=0.046), and 

increased the risk of death by >4-fold among patients who did not receive adjuvant chemotherapy 

post liver resection (HR= 4.27, p=0.0012). However, there was no significant difference in risk of 

death between positive and negative margins in patients who received adjuvant chemotherapy 

after resection (HR= 1.20, p=0.70). These findings suggest that adjuvant chemotherapy is 

capable of mitigating the negative impact of an R1 resection on long term survival, likely due to 

treatment of residual microscopic disease at the margin. It is also plausible that positive margins 

represent inherently more aggressive disease biology which precludes complete clearance during 

resection, resulting in greater benefit from adjuvant systemic therapy.  

Size of negative resection margin did not have a statistically significant impact on OS or 

DFS (p>0.05 for all) when margin size was evaluated sequentially (<1 vs ≥1-<5 mm, ≥1-<5 vs ≥5-

<10 mm, and ≥5-10 vs ≥10 mm). Similarly, margin sizes of ≥5-<10 mm and ≥10 mm were not 

independent predictors of OS when compared to <1 mm margin (p>0.05). Only ≥10 mm margin 

was significantly associated with improved DFS (HR= 2.63, p=0.0096, for <1 vs ≥10 mm). The 

finding that wide margins do not improve long term survival has been demonstrated in prior 

studies, albeit in patients who did not routinely receive neoadjuvant chemotherapy with modern 

agents (13, 31).  

The majority of patients in our study recurred within 3 years of liver resection, with 

isolated liver disease being the most common site for initial recurrence. Patients with positive 

margins were 3-times more likely to have hepatic marginal recurrence compared to those with R0 

resection, which is consistent with prior reports (10, 13, 30, 32-35). These findings suggest a 

potential role for targeted therapy to the liver in the setting of R1 resection, especially since post 

resection chemotherapy did not impact the effect of positive margins on hepatic marginal 

recurrence in this study. 

Potential limitations include the observational retrospective nature of the study, and small 

cohorts when patients were stratified according to margin width. In addition, chemotherapy was 

administered in a non-standard, non-randomized fashion; we therefore adjusted for the total 

number cycles of chemotherapy in all Cox multiple regression models.  

In conclusion, our findings confirm the importance of an R0 resection for CRLM in the era 

of modern chemotherapy, and suggest that patients with positive margins should receive 

additional post liver resection chemotherapy for improved survival.  Wide margins, however, are 
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unnecessary as they do not confer a long term survival benefit.  



11 
 

DISCLOSURES 

The authors have no conflicts of interest or financial disclosures to report.  

 

ACKNOWLEDGEMENTS 

The authors would like to recognize Harvard Medical School for providing funding for this project, 

as well as Dr. Raymond Chung for serving as the Scholarly Project reviewer.  



12 
 

REFERENCES 

1. Siegel R, Ma J, Zou Z, Jemal A. Cancer statistics, 2014. CA: a cancer journal for 

clinicians. 2014;64(1):9-29. doi: 10.3322/caac.21208. PubMed PMID: 24399786. 

2. Fong Y, Kemeny N, Paty P, Blumgart LH, Cohen AM. Treatment of colorectal cancer: 

hepatic metastasis. Seminars in surgical oncology. 1996;12(4):219-52. doi: 10.1002/(SICI)1098-

2388(199607/08)12:4<219::AID-SSU3>3.0.CO;2-8. PubMed PMID: 8829283. 

3. Kemeny N. Management of liver metastases from colorectal cancer. Oncology (Williston 

Park). 2006;20(10):1161-76, 79; discussion 79-80, 85-6. PubMed PMID: 17024869. 

4. Adam R. Chemotherapy and surgery: new perspectives on the treatment of unresectable 

liver metastases. Annals of oncology : official journal of the European Society for Medical 

Oncology / ESMO. 2003;14 Suppl 2:ii13-6. PubMed PMID: 12810452. 

5. Brouquet A, Mortenson MM, Vauthey JN, Rodriguez-Bigas MA, Overman MJ, Chang GJ, 

et al. Surgical strategies for synchronous colorectal liver metastases in 156 consecutive patients: 

classic, combined or reverse strategy? Journal of the American College of Surgeons. 

2010;210(6):934-41. doi: 10.1016/j.jamcollsurg.2010.02.039. PubMed PMID: 20510802. 

6. Brouquet A, Abdalla EK, Kopetz S, Garrett CR, Overman MJ, Eng C, et al. High survival 

rate after two-stage resection of advanced colorectal liver metastases: response-based selection 

and complete resection define outcome. Journal of clinical oncology : official journal of the 

American Society of Clinical Oncology. 2011;29(8):1083-90. doi: 10.1200/JCO.2010.32.6132. 

PubMed PMID: 21263087; PubMed Central PMCID: PMC3068054. 

7. Andreou A, Aloia TA, Brouquet A, Dickson PV, Zimmitti G, Maru DM, et al. Margin status 

remains an important determinant of survival after surgical resection of colorectal liver 

metastases in the era of modern chemotherapy. Annals of surgery. 2013;257(6):1079-88. doi: 

10.1097/SLA.0b013e318283a4d1. PubMed PMID: 23426338; PubMed Central PMCID: 

PMC3654038. 

8. Abdalla EK, Vauthey JN, Ellis LM, Ellis V, Pollock R, Broglio KR, et al. Recurrence and 

outcomes following hepatic resection, radiofrequency ablation, and combined resection/ablation 

for colorectal liver metastases. Annals of surgery. 2004;239(6):818-25; discussion 25-7. PubMed 

PMID: 15166961; PubMed Central PMCID: PMC1356290. 

9. Kopetz S, Chang GJ, Overman MJ, Eng C, Sargent DJ, Larson DW, et al. Improved 

survival in metastatic colorectal cancer is associated with adoption of hepatic resection and 

improved chemotherapy. Journal of clinical oncology : official journal of the American Society of 

Clinical Oncology. 2009;27(22):3677-83. doi: 10.1200/JCO.2008.20.5278. PubMed PMID: 

19470929; PubMed Central PMCID: PMC2720081. 

10. de Haas RJ, Wicherts DA, Andreani P, Pascal G, Saliba F, Ichai P, et al. Impact of 

expanding criteria for resectability of colorectal metastases on short- and long-term outcomes 



13 
 

after hepatic resection. Annals of surgery. 2011;253(6):1069-79. doi: 

10.1097/SLA.0b013e318217e898. PubMed PMID: 21451388. 

11. Nordlinger B, Benoist S. [Liver metastases from colorectal cancer: a multidisciplinary 

approach is necessary]. Bulletin de l'Academie nationale de medecine. 2008;192(1):33-43; 

discussion 4. PubMed PMID: 18663980. 

12. Altendorf-Hofmann A, Scheele J. A critical review of the major indicators of prognosis 

after resection of hepatic metastases from colorectal carcinoma. Surgical oncology clinics of 

North America. 2003;12(1):165-92, xi. PubMed PMID: 12735137. 

13. Pawlik TM, Scoggins CR, Zorzi D, Abdalla EK, Andres A, Eng C, et al. Effect of surgical 

margin status on survival and site of recurrence after hepatic resection for colorectal metastases. 

Annals of surgery. 2005;241(5):715-22, discussion 22-4. PubMed PMID: 15849507; PubMed 

Central PMCID: PMC1357126. 

14. Figueras J, Burdio F, Ramos E, Torras J, Llado L, Lopez-Ben S, et al. Effect of 

subcentimeter nonpositive resection margin on hepatic recurrence in patients undergoing 

hepatectomy for colorectal liver metastases. Evidences from 663 liver resections. Annals of 

oncology : official journal of the European Society for Medical Oncology / ESMO. 

2007;18(7):1190-5. doi: 10.1093/annonc/mdm106. PubMed PMID: 17434896. 

15. Are C, Gonen M, Zazzali K, Dematteo RP, Jarnagin WR, Fong Y, et al. The impact of 

margins on outcome after hepatic resection for colorectal metastasis. Annals of surgery. 

2007;246(2):295-300. doi: 10.1097/SLA.0b013e31811ea962. PubMed PMID: 17667509; PubMed 

Central PMCID: PMC1933562. 

16. Elias D, Lasser P, Rougier P, Ducreux M, Bognel C, Roche A. Frequency, technical 

aspects, results, and indications of major hepatectomy after prolonged intra-arterial hepatic 

chemotherapy for initially unresectable hepatic tumors. Journal of the American College of 

Surgeons. 1995;180(2):213-9. PubMed PMID: 7850058. 

17. Liu W, Sun Y, Zhang L, Xing BC. Negative surgical margin improved long-term survival of 

colorectal cancer liver metastases after hepatic resection: a systematic review and meta-analysis. 

International journal of colorectal disease. 2015;30(10):1365-73. doi: 10.1007/s00384-015-2323-6. 

PubMed PMID: 26198997. 

18. Nordlinger B, Sorbye H, Glimelius B, Poston GJ, Schlag PM, Rougier P, et al. 

Perioperative chemotherapy with FOLFOX4 and surgery versus surgery alone for resectable liver 

metastases from colorectal cancer (EORTC Intergroup trial 40983): a randomised controlled trial. 

Lancet. 2008;371(9617):1007-16. doi: 10.1016/S0140-6736(08)60455-9. PubMed PMID: 

18358928; PubMed Central PMCID: PMC2277487. 

19. Nordlinger B, Van Cutsem E, Rougier P, Kohne CH, Ychou M, Sobrero A, et al. Does 

chemotherapy prior to liver resection increase the potential for cure in patients with metastatic 

colorectal cancer? A report from the European Colorectal Metastases Treatment Group. 



14 
 

European journal of cancer. 2007;43(14):2037-45. doi: 10.1016/j.ejca.2007.07.017. PubMed 

PMID: 17766104. 

20. Van Cutsem E, Nordlinger B, Adam R, Kohne CH, Pozzo C, Poston G, et al. Towards a 

pan-European consensus on the treatment of patients with colorectal liver metastases. European 

journal of cancer. 2006;42(14):2212-21. doi: 10.1016/j.ejca.2006.04.012. PubMed PMID: 

16904315. 

21. Engstrom PF, Arnoletti JP, Benson AB, 3rd, Chen YJ, Choti MA, Cooper HS, et al. NCCN 

Clinical Practice Guidelines in Oncology: colon cancer. Journal of the National Comprehensive 

Cancer Network : JNCCN. 2009;7(8):778-831. PubMed PMID: 19755046. 

22. Fong Y, Fortner J, Sun RL, Brennan MF, Blumgart LH. Clinical score for predicting 

recurrence after hepatic resection for metastatic colorectal cancer: analysis of 1001 consecutive 

cases. Annals of surgery. 1999;230(3):309-18; discussion 18-21. PubMed PMID: 10493478; 

PubMed Central PMCID: PMC1420876. 

23. Ekberg H, Tranberg KG, Andersson R, Lundstedt C, Hagerstrand I, Ranstam J, et al. 

Determinants of survival in liver resection for colorectal secondaries. The British journal of 

surgery. 1986;73(9):727-31. PubMed PMID: 3756436. 

24. Nordlinger B, Guiguet M, Vaillant JC, Balladur P, Boudjema K, Bachellier P, et al. 

Surgical resection of colorectal carcinoma metastases to the liver. A prognostic scoring system to 

improve case selection, based on 1568 patients. Association Francaise de Chirurgie. Cancer. 

1996;77(7):1254-62. PubMed PMID: 8608500. 

25. Cady B, Jenkins RL, Steele GD, Jr., Lewis WD, Stone MD, McDermott WV, et al. 

Surgical margin in hepatic resection for colorectal metastasis: a critical and improvable 

determinant of outcome. Annals of surgery. 1998;227(4):566-71. PubMed PMID: 9563547; 

PubMed Central PMCID: PMC1191314. 

26. Elias D, Cavalcanti A, Sabourin JC, Lassau N, Pignon JP, Ducreux M, et al. Resection of 

liver metastases from colorectal cancer: the real impact of the surgical margin. European journal 

of surgical oncology : the journal of the European Society of Surgical Oncology and the British 

Association of Surgical Oncology. 1998;24(3):174-9. PubMed PMID: 9630855. 

27. Sadot E, Groot Koerkamp B, Leal JN, Shia J, Gonen M, Allen PJ, et al. Resection margin 

and survival in 2368 patients undergoing hepatic resection for metastatic colorectal cancer: 

surgical technique or biologic surrogate? Annals of surgery. 2015;262(3):476-85; discussion 83-5. 

doi: 10.1097/SLA.0000000000001427. PubMed PMID: 26258316; PubMed Central PMCID: 

PMC4533113. 

28. Tanaka K, Nojiri K, Kumamoto T, Takeda K, Endo I. R1 resection for aggressive or 

advanced colorectal liver metastases is justified in combination with effective prehepatectomy 

chemotherapy. European journal of surgical oncology : the journal of the European Society of 



15 
 

Surgical Oncology and the British Association of Surgical Oncology. 2011;37(4):336-43. doi: 

10.1016/j.ejso.2011.01.007. PubMed PMID: 21277151. 

29. Ayez N, Lalmahomed ZS, Eggermont AM, Ijzermans JN, de Jonge J, van Montfort K, et 

al. Outcome of microscopic incomplete resection (R1) of colorectal liver metastases in the era of 

neoadjuvant chemotherapy. Annals of surgical oncology. 2012;19(5):1618-27. doi: 

10.1245/s10434-011-2114-4. PubMed PMID: 22006375; PubMed Central PMCID: PMC3332355. 

30. Laurent C, Adam JP, Denost Q, Smith D, Saric J, Chiche L. Significance of R1 Resection 

for Advanced Colorectal Liver Metastases in the Era of Modern Effective Chemotherapy. World 

journal of surgery. 2016;40(5):1191-9. doi: 10.1007/s00268-016-3404-6. PubMed PMID: 

26757718. 

31. Hamady ZZ, Cameron IC, Wyatt J, Prasad RK, Toogood GJ, Lodge JP. Resection 

margin in patients undergoing hepatectomy for colorectal liver metastasis: a critical appraisal of 

the 1cm rule. European journal of surgical oncology : the journal of the European Society of 

Surgical Oncology and the British Association of Surgical Oncology. 2006;32(5):557-63. doi: 

10.1016/j.ejso.2006.02.001. PubMed PMID: 16580811. 

32. Wakai T, Shirai Y, Sakata J, Valera VA, Korita PV, Akazawa K, et al. Appraisal of 1 cm 

hepatectomy margins for intrahepatic micrometastases in patients with colorectal carcinoma liver 

metastasis. Annals of surgical oncology. 2008;15(9):2472-81. doi: 10.1245/s10434-008-0023-y. 

PubMed PMID: 18594929. 

33. Bodingbauer M, Tamandl D, Schmid K, Plank C, Schima W, Gruenberger T. Size of 

surgical margin does not influence recurrence rates after curative liver resection for colorectal 

cancer liver metastases. The British journal of surgery. 2007;94(9):1133-8. doi: 10.1002/bjs.5762. 

PubMed PMID: 17514637. 

34. Muratore A, Ribero D, Zimmitti G, Mellano A, Langella S, Capussotti L. Resection margin 

and recurrence-free survival after liver resection of colorectal metastases. Annals of surgical 

oncology. 2010;17(5):1324-9. doi: 10.1245/s10434-009-0770-4. PubMed PMID: 19847565. 

35. Konopke R, Kersting S, Makowiec F, Gassmann P, Kuhlisch E, Senninger N, et al. 

Resection of colorectal liver metastases: is a resection margin of 3 mm enough? : a multicenter 

analysis of the GAST Study Group. World journal of surgery. 2008;32(9):2047-56. doi: 

10.1007/s00268-008-9629-2. PubMed PMID: 18521661. 

 

 



16 
 

TABLES 
 

Table 1. Clinicopathologic and treatment-related characteristics of patient cohort  

 Total Cohort 
n= 227 (100%) 

Patient characteristics  

   Age, years 58 median, 58 mean (28-
83) 

   Sex 
       Male 
       Female 

 
119 (52%) 
 108 (48%) 

   Timing of resections 
       Colorectal first 
       Liver first 
       Synchronous 

 
182 (80%) 
 27(12%) 
18 (8%) 

Primary colorectal tumor  

   Site 
       Colon 
       Rectum 

 
 171 (75%) 
56 (25%) 

   T stage 
      0 
      1 
      2 
      3 
      4 

 
 4 (2%) 
6 (3%) 

 22 (10%) 
 145 (64%) 
46 (20%) 

   N stage 
      0 
      1 
      2 

 
 62 (27%) 
 73 (32%) 
89 (39%) 

Liver metastases  

   Synchronous 181 (80%) 
   Neoadjuvant CT regimen 
        Oxaliplatin 
        Irinotecan 
        Oxaliplatin/ Irinotecan 
    # of cycles 
    Bevacizumab/ cetuximab 

 
 180 (79%) 
34 (15%) 
13 (6%) 

6 median, 6 mean (1-17) 
116 (51%) 

   Distribution of metastases 
        Bilobar 
        Monolobar 

 
98 (43%) 

129 (57%) 
   Number of metastases  2 median, 3 mean (0-21) 

   Size of largest metastasis, mm  21 median, 29.5 mean (0-
170) 

   Margin size, mm 
         <1  
         ≥1-<5  
         ≥5-<10 
         ≥10 

 
30 (13%) 
62 (27%) 
53 (23%) 
82 (36%) 

   Adjuvant chemotherapy 143 (63%) 

   Total # cycles of CT (neoadjuvant + adjuvant) 12 median, 10 mean (1-
22) 

Hepatectomy   
  Major hepatectomy (≥3 segments) 149 (66%) 
  Two- stage hepatectomy 23 (10%) 
  Laparoscopic 23 (10%) 
  PVE/ PVL 55 (24%) 

  Cholecystectomy 184 (81%) 
  Associated procedure (other than 
cholecystectomy) 74 (33%) 

  EBL, mL  650 median, 1121 mean 
(50-24100) 

  pRBC, units 0 median, 1 mean (0-69) 

  Hospital stay, days  5 median, 6 mean (0-65) 
  Postoperative complications 
       Clavien grade 0 
       Clavien grade I/II 
       Clavien grade III/IV 
       Clavien grade V 

 
95 (42%) 
95 (42%) 
34 (15%) 

3 (1%) 
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  Postoperative mortality (90-day) 6 (3%) 

Abbreviations: CT = chemotherapy, CEA = Carcinoembryonic antigen, PVE = 
Portal Vein Embolization, PVL = Portal Vein Ligation, EBL = Estimated Blood 
Loss, pRBC = packed Red Blood Cells 
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Table 2. Disease-free and overall survival according to margin size (95% confidence interval) 

 3-year 5-year 10-year 

Disease-free survival    

≥1-<5 mm 10% (3-20%) 6% (2-17%) - 

≥5-<10 mm 28% (16-41%) 16% (7-28%) 16% (7-28%) 

≥10 mm 46% (34-57%) 41% (29-53%) 39% (26-50%) 

Overall survival    

<1 mm 66% (42-82%) 33% (11-57%) - 

≥1-<5 mm 74% (59-84%) 41% (24-57%) 14% (1-40%) 

≥5-<10 mm 79% (65-88%) 60% (44-74%) 22% (8-41%) 

≥10 mm 78% (67-86%) 64% (51-74%) 44% (27-60%) 
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Table 3. Cox proportional hazards multiple regression model for DFS, according to margin size 

 
 
 
 
 
 
 
 
 
 
 

Variable Hazard Ratio 95% Confidence 
Interval P value 

Margin size, mm 

<1 vs ≥1-<5  1.40 0.74 – 2.82 0.42 

<1 vs ≥5-<10  1.58 0.73 – 3.44 0.36 

<1 vs ≥10  2.63 1.17 – 5.90 0.0096 

≥1-<5 vs ≥5-<10  1.13 0.62 – 2.07 0.59 

≥5-<10 vs ≥10  1.66 0.86 – 3.21 0.16 

Patient characteristics 

Age at surgery§ 0.99 0.85 – 1.15 0.87 

Sex (M vs F) 1.25 0.88 – 1.77 0.21 

Primary colorectal cancer 

pT    

  0-2 vs 3 1.32 0.78 – 2.22 0.30 

  3 vs 4 0.71 0.47 – 1.07 0.10 

pN    

  1 vs 2 0.64 0.39 – 1.04 0.074 

  2 vs 3 0.68 0.45 – 1.02 0.063 

Liver metastases 

Synchronous 1.01 0.63 – 1.61 0.97 
Resection type (minor 
vs major) 0.88 0.59 – 1.32 0.54 

Size of largest 
metastasis§ 1.00 0.94 – 1.07 0.94 

Distribution (mono vs 
bilobar) 1.36 0.86 – 2.17 0.19 

Total # of metastases¶ 2.14 1.53 – 3.01 <0.0001 

Total # cycles of CT¶ 1.18 0.84 – 1.66 0.34 
* Adjuvant chemotherapy status included as a stratification variable but the size of its effect 
unable to be evaluated in order to meet the assumption of proportional hazards 
§ Hazard ratios for age at surgery and size of largest metastasis are for a 10 unit interval 
¶ Hazard ratios for total # cycles of CT and total # of metastases are for a 5 unit interval 
Abbreviations: M= Male, F= Female, CT = chemotherapy 
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Table 4. Cox proportional hazards multiple regression model for OS, according to margin size  

 

Variable Hazard Ratio 95% Confidence 
Interval P value 

Margin size, mm 

<1 vs ≥1-<5  1.81 0.71 – 4.65 0.38 

<1 vs ≥5-<10  2.58 0.93 – 7.15 0.085 

<1 vs ≥10  2.05 0.71 – 5.86 0.36 

≥1-<5 vs ≥5-<10  1.42 0.64 – 3.17 0.74 

≥5-<10 vs ≥10  0.79 0.35 – 1.81 0.92 

Patient characteristics 

Age at surgery§ 1.01 0.83 – 1.23 0.93 

Sex (M vs F) 0.96 0.62 – 1.47 0.84 

Primary colorectal cancer 

pT    

   0-2 vs 3 1.81 0.91 – 3.60 0.091 

   3 vs 4 0.63 0.38 – 1.06 0.079 

pN    

   1 vs 2 0.55 0.28 – 1.08 0.084 

   2 vs 3 0.56 0.33 – 0.93 0.026 

Liver metastases 

Synchronous 0.72 0.41 – 1.26 0.25 
Resection type (minor 
vs major) 1.13 0.66 – 1.93 0.66 

Size of largest 
metastasis§ 1.06 0.97 – 1.17 0.21 

Distribution (mono vs 
bilobar) 1.11 0.59 – 2.08 0.74 

Total # of metastases¶ 1.76 1.20 – 2.58 0.0035 

Total # cycles of CT¶ 1.18 0.80 – 1.74 0.41 
* Adjuvant chemotherapy status included as a stratification variable but the size of its effect 
unable to be evaluated in order to meet the assumption of proportional hazards 
§ Hazard ratios for age at surgery and size of largest metastasis are for a 10 unit interval 
¶ Hazard ratios for total # of metastases and total # cycles of CT are for a 5 unit interval 
Abbreviations: M= Male, F= Female, CT = chemotherapy 
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Table 5. Cox proportional hazards multiple regression model for OS, according to margin status  

Variable HR 95% CI p value 

Interaction of margin status and adjuvant chemotherapy* 

Margin status 
(positive vs negative)    

   No adjuvant CT 4.27 1.77 – 10.30 0.0012 

   With adjuvant CT 1.20 0.49 – 2.95 0.70 

Adjuvant CT (yes vs no)    

   Positive margin 0.15 0.05 – 0.47 0.0011 

   Negative margin 0.53 0.32 – 0.88 0.015 

Patient characteristics 

Age at surgery§ 1.01 0.84 – 1.23 0.89 

Sex (M vs F) 0.98 0.63 – 1.50 0.91 

Primary colorectal cancer 

pT    

  0-2 vs 3 1.76 0.89 – 3.48 0.10 

  3 vs 4 0.66 0.40 – 1.10  0.11 

pN    

  1 vs 2 0.49 0.25 – 0.96 0.038 

  2 vs 3 0.54 0.33 – 0.89 0.017 

Liver metastases 

Synchronous 0.67 0.39 – 1.17 0.16 

Size of largest metastasis§ 1.07 0.98 – 1.18 0.12 

Distribution (mono vs 
bilobar) 1.03 0.56 – 1.89 0.91 

Resection type (minor vs 
major) 1.17 0.70 – 1.97 0.55 

Total # of metastases¶ 1.81 1.22 – 2.69 0.0033 

Total # cycles of CT¶  1.24 0.85 – 1.82 0.27 
* Interaction of margin status and adjuvant chemotherapy was significant (p<0.05) 
§ Hazard ratios for age at surgery and size of largest metastasis are for a 10 unit interval 
¶ Hazard ratios for total # of metastases and total # cycles of CT are for a 5 unit interval 
Abbreviations: M= Male, F= Female, CT = chemotherapy 
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FIGURES 
 
 
Figure 1. Kaplan- Meier plot of DFS for entire cohort 
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Figure 2. Kaplan-Meier plot of OS for entire cohort 
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STUDENT ROLE 

This project, initially entitled “Evaluating prognostic factors after resection of colorectal 

liver metastases in a modern era of treatment,” was initiated in May 2014 as part of the scholarly 

project requirement. My mentor, Dr. Cristina Ferrone, and I came up with the concept for the 

project based on her clinical experiences and a preliminary literature review I conducted in the 

months leading up to submission of the proposal to the HMS SIM program. The project aimed to 

evaluate outcomes and prognostic factors in a large, homogenous cohort of patients who 

underwent hepatic resection of colorectal liver metastases (CRLM) and received modern 

perioperative chemotherapy with oxaliplatin and/or irinotecan and 5-FU.  

At the time the project was begun (May 2014), there existed a database containing 215 

patients who underwent hepatic resection for colorectal liver metastases between 2004-2013 

within the Department of General and Gastrointestinal Surgery at Massachusetts General 

Hospital. This database had been previously compiled by an MGH resident. Between 6/2014-

9/2014, I identified and added approximately 150 patients to the database using the RPDR 

software, NSQIP data, and a preexisting pathology database maintained by the MGH pathology 

department (and obtained with permission of Vikram Deshpande, MD). A preliminary analysis 

was performed in 9/2014 with help from Jing Zhao (a statistician at MGH), and I wrote an abstract 

which was submitted and accepted for poster presentation at both the Society of Surgical 

Oncology Conference and Digestive Disease Week [see Appendix]. Thereafter, additional 

patients were identified for inclusion in the database through further searches using the 

previously-described resources. I recruited Robert Smalley (Harvard Medical Student) and Chey 

Collura MD (MGH General Surgery Resident) to assist me with identification and addition of 

further patients to the database.  

Between 11/2016-4/2017, I finalized the database by adding additional patients identified 

through the above-cited queries. A significant amount of time was spent re-pulling data and going 

through medical records to ensure that the cohort of patients we identified was as contiguous and 

complete as possible. Outcomes data (recurrence, death) was updated for all patients included in 

the database (including those who were previously identified over the prior several years) and 

additional variables were added.  

For the final manuscript, my mentor and I narrowed our research question. Specifically, 

our question was: “Is surgical margin size an independent prognostic factor for overall and/ or 

disease-free survival in patients with CRLM who receive neoadjuvant chemotherapy with modern 

agents (FOLFOX/ FOLFIRI) prior to liver resection?” Given the complex nature of the statistical 

analysis required for the manuscript, I personally recruited a statistician (Steven Worthington 

PhD) through the Institute for Quantitative Social Science at Harvard University. Under my 

instruction, he performed the statistical analyses including Kaplan- Meier analysis and Cox 

proportional hazards multiple regression models. I personally wrote the entirety of the final 
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manuscript, and compiled all tables and figures with assistance from the statistician. I received 

and incorporated edits from my mentor prior to submitting the scholarly report. 
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APPENDIX 

Abstract Citation:  

Miller CL, Arora K, Razmdjou S, Deshpande V, Zhao J, Berger D, Tanabe KK, Lillemoe KD, 

Ferrone CR. Identification of Prognostic Factors Following Resection of Colorectal Liver 

Metastases in the Modern Era of Treatment. Digestive Disease Week. Washington, DC. May 16-

19, 2015. Poster presentation. Society of Surgical Oncology Annual Cancer Symposium. Houston, 

TX. March 25-28, 2015. Accepted for poster presentation.   

Abstract Content: 

 

Identification of Prognostic Factors Following Resection of Colorectal Liver Metastases in the 

Modern Era of Treatment 

 

Miller CL, Arora K, Razmdjou S, Deshpande V, Zhao J, Berger D, Tanabe KK, Lillemoe KD, 

Ferrone CR 

 

Background: Advanced surgical techniques and new effective chemotherapeutic regimens have 

increased resection eligibility for colorectal liver metastases (CRLM), warranting reevaluation of 

prognostic factors. We sought to identify factors associated with overall (OS) and recurrence-free 

survival (RFS) in patients who underwent liver resection for CRLM in the modern era of treatment. 

 

Methods: We identified 270 patients who underwent 292 curative liver resections for CRLM at our 

institution between 4/2000- 4/2014. All patients underwent resection of a primary colorectal 

cancer (CRC), and received contemporary systemic therapy with either Irinotecan and/or 

Oxaliplatin and 5-FU (FOLFOX, FOLFIRI). Clinicopathologic and treatment-related variables were 

evaluated for association with OS and RFS by multivariate analysis. 

 

Results: The majority of patients were male (54%) with a median age at liver resection of 60 

years (29-83). Median size of the largest metastasis was 25mm (1-150mm). Synchronous lesions 

were common (63%) and 40% had bilobar metastases. Most patients (79%) received 

neoadjuvant chemotherapy prior to liver resection. A Clavien complication with score >3 occurred 

in 53 patients (19%). 90-day mortality rate was 2% (6/270). Actuarial 5-year RFS and OS were 

24% (95% CI: 19-30) and 48% (95% CI: 40-55) respectively. Significant prognostic factors for 

poor RFS were lymphovascular invasion (LVI) in the primary colorectal cancer (CRC) (p=0.001) 

and higher pre- liver resection CEA (p=0.003).  Prognostic factors for poor OS were venous 

invasion in the primary CRC (p=0.024), size of the largest metastasis (p=0.021), and higher 
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Clavien score (p=0.046). Chemotherapy after liver resection was significant for improved OS 

(p<0.001). Margin status, primary N stage, number and distribution of metastases were not 

significant (p>0.05). 

 

Conclusion: In the era of FOLFOX and FOLFIRI, good surgical outcomes with low complication 

rates allowing for post-hepatectomy chemotherapy significantly improve OS. Pathologic factors 

representing the biology of the disease including LVI and venous invasion in the primary, size of 

the metastasis, and CEA level negatively affect OS.  

 


