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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,
21-<5, 25-<10, or 210 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% 21-<5mm, 23% 2=5-
<10mm, and 36% =10mm. Adjuvant chemotherapy post liver resection was administered to 63%
of patients. Five-year OS and DFS were 54% (95% Cl: 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 21-<5, 25-<10, and =210 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.



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 (RO) 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.



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 23 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, 21-<5, 25-<10, or 210 mm, and
evaluated for association with overall (OS) and disease free survival (DFS). To evaluate
prognostic significance, margin sizes were evaluated sequentially (<1 vs 21-<5, 21-<5 vs 25-<10,
25-<10 vs 210 mm) and using <1 mm as a reference (<1 vs 21-<5, <1 vs 25-<10, <1 vs 210 mm).
Margin status was classified as positive (<1 mm) or negative (21 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.



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 MR, 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, 21-<5, 25-<10,
and 210 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.



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% 25-<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%
Cl: 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



when compared sequentially as <1 vs 21-<5 mm (HR= 1.40, p= 0.42), 21-<5 vs 25-<10 mm (HR=
1.13, p=0.59), and 25-<10 vs 210 mm (HR=1.66, p=0.16). Using <1 mm as a reference, a margin
size of 210 mm (HR= 2.63, p=0.0096) but not 25-<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% ClI:
69-81%), 54% (95% ClI: 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 21-<56 mm (HR= 1.81, p= 0.38), 21-<5 vs 25-<10 mm (HR= 1.42, p= 0.74),
and 25-<10 vs 210 mm (HR= 0.79, p= 0.92). Using <1 mm as a reference, margin sizes of 25-<10
mm (HR= 2.58, p=0.085), and 210 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]



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 21-<5,
25-<10, and 210 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 RO and R1 resection for



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 21-<5 mm, 21-<5 vs =5-
<10 mm, and =5-10 vs 210 mm). Similarly, margin sizes of 25-<10 mm and 210 mm were not
independent predictors of OS when compared to <1 mm margin (p>0.05). Only 210 mm margin
was significantly associated with improved DFS (HR= 2.63, p=0.0096, for <1 vs 210 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 RO
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 RO 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



unnecessary as they do not confer a long term survival benefit.
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TABLES

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

Total Cohort
n= 227 (100%)

Patient characteristics

58 median, 58 mean (28-
Age, years 83)
Sex
Male 119 (52%)
Female

108 (48%)

Timing of resections
Colorectal first
Liver first
Synchronous

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

Primary colorectal tumor

Site
Colon 171 (75%)
Rectum 56 (25%)
T stage
0 4 (2%)
1 6 (3%)
2 22 (10%)
3 145 (64%)
4 46 (20%)
N stage
0 62 (27%)
1 73 (32%)
2 89 (39%)
Liver metastases
Synchronous 181 (80%)
Neoadjuvant CT regimen
Oxaliplatin 180 (79%)
Irinotecan 34 (15%)
Oxaliplatin/ Irinotecan 13 (6%)
# of cycles 6 median, 6 mean (1-17)

Bevacizumab/ cetuximab

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 30 (13%)

21-<5 62 (27%)

25-<10 53 (23%)

210 82 (36%)
Adjuvant chemotherapy 143 (63%)
Total # cycles of CT (neoadjuvant + adjuvant) 12 medlan,zg)() mean (1-

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 74 (33%)
cholecystectomy)

650 median, 1121 mean
EBL, mL (50-24100)
pRBC, units 0 median, 1 mean (0-69)

Hospital stay, days

5 median, 6 mean (0-65)

Postoperative complications

Clavien grade 0 95 (42%)
Clavien grade I/1l 95 (42%)
Clavien grade IIl/IV 34 (15%)
Clavien grade V 3 (1%)

16



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

21-<5 mm

10% (3-20%)

6% (2-17%)

25-<10 mm

28% (16-41%)

16% (7-28%)

16% (7-28%)

210 mm

46% (34-57%)

41% (29-53%)

39% (26-50%)

Overall survival

<1 mm

66% (42-82%

33% (11-57%

21-<5 mm

74% (59-84%

41% (24-57%

14% (1-40%)

25-<10 mm

79% (65-88%

60% (44-74%

22% (8-41%)

210 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 P value
Interval

Margin size, mm
<1vs21-<5 1.40 0.74 -2.82 0.42
<1vs 25-<10 1.58 0.73-3.44 0.36
<1vs 210 2.63 1.17 -5.90 0.0096
21-<5 vs 25-<10 1.13 0.62 - 2.07 0.59
25-<10 vs 210 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

0-2vs 3 1.32 0.78 -2.22 0.30

3vs4 0.71 0.47 -1.07 0.10
pN

1vs2 0.64 0.39 - 1.04 0.074

2vs3 0.68 0.45-1.02 0.063
Liver metastases
Synchronous 1.01 0.63 - 1.61 0.97
Resection type (minor 0.88 0.59 - 1.32 0.54
Vs major)
Size of largest 1.00 0.94—1.07 0.94
metastasis
D_|str|but|on (mono vs 136 0.86—217 0.19
bilobar)
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
THazard ratios for total # cycles of CT and total # of metastases are for a 5 unit interval
Abbreviations: M= Male, F= Female, CT = chemotherapy




Table 4. Cox proportional hazards multiple regression model for OS, according to margin size

o N
Variable Hazard Ratio 95% Confidence P value
Interval
Margin size, mm
<1vs21-<5 1.81 0.71-4.65 0.38
<1vs 25-<10 2.58 0.93-7.15 0.085
<1vs 210 2.05 0.71-5.86 0.36
21-<5 vs 25-<10 1.42 0.64 —3.17 0.74
25-<10 vs 210 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
0-2vs 3 1.81 0.91-3.60 0.091
3vs4 0.63 0.38 - 1.06 0.079
pN
1vs2 0.55 0.28 - 1.08 0.084
2vs3 0.56 0.33-0.93 0.026
Liver metastases
Synchronous 0.72 0.41-1.26 0.25
Resection type (minor 113 0.66 - 1.93 0.66
Vs major)
Size of largest 1.06 0.97 - 1.17 0.21
metastasis
D_|str|but|on (mono vs 111 0.59—2.08 0.74
bilobar)
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




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

0-2vs 3 1.76 0.89-3.48 0.10

3vs4 0.66 0.40-1.10 0.11
pN

1vs2 0.49 0.25-0.96 0.038

2vs3 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
Ei:ztt::’r‘;“c’“ (mono vs 1.03 0.56 - 1.89 0.91
22?;3“0” type (minor vs 117 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
THazard ratios for total # of metastases and total # cycles of CT are for a 5 unit interval
Abbreviations: M= Male, F= Female, CT = chemotherapy

Table 5. Cox proportional hazards multiple regression model for OS, according to margin status

21



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 | came up with the concept for the
project based on her clinical experiences and a preliminary literature review | 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, | 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 | 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. | 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, | 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 | 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, | 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. | personally wrote the entirety of the final
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manuscript, and compiled all tables and figures with assistance from the statistician. | 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.
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