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Abstract

Background The indications for neoadjuvant chemotherapy (NAC) in resectable colorectal liver metastases (CRLMs) remain
unclear. Tumor burden score (TBS) is a prognostic tool based on tumor size and number of tumors. However, its utility in
the NAC setting for initially resectable CRLM has never been investigated.

Methods TBS is a distance from the origin on a Cartesian plane to the coordinates (x, y) = (tumor size in centimeter, number
of tumors). TBS <3 was defined as “TBS-low”, whereas TBS >3 as “TBS-high”. Between 2008 and 2018, 102 patients
who underwent hepatectomy for resectable CRLM were retrospectively analyzed using the Kaplan—-Meier method and Cox
proportional hazards regression models.

Results Among the TBS-low (n=46) and TBS-high (n=56) groups, baseline patient characteristics were mostly similar
except for TBS-related parameters. NAC was more frequently administered in the TBS-high group (p =0.038). The overall
survival (OS) rates were similar between the two groups. Subgroup analysis showed that NAC was associated with non-
significantly improved 5-year OS in the TBS-high group [76.1% with NAC and 54.9% without NAC (»p =0.093)]. In mul-
tivariate analysis, NAC was an independent prognostic factor for favorable OS only in the TBS-high group, while adjuvant
chemotherapy (AC) was associated with improved OS only in the TBS-low group.

Conclusion In patients with resectable CRLM, the TBS-high population had a survival benefit from NAC, while the TBS-
low population benefited from AC. TBS may serve as an indicator for patients who will benefit from NAC.

Keywords Liver metastases - Colorectal cancer - Tumor burden score - Neoadjuvant chemotherapy

Introduction surgery or neoadjuvant chemotherapy (NAC) for resectable
CRLM remains controversial.[5, 6] The EORTC 40,983 trial

The liver is a dominant metastatic site from colorectal can-  reported improved disease-free survival [7], but no OS ben-

cer, and hepatic resection is the only potential curative treat-
ment in patients with colorectal liver metastases (CRLMs).
Long-term survival after surgery for CRLM has improved
considerably, especially in the last 2 decades, with 5-year
overall survival (OS) reaching up to 58% due to techni-
cal improvement and perioperative multimodal treatments
[1-4]. However, whether to start treatment with upfront
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efit with perioperative FOLFOX4 therapy for 1-4 resectable
CRLMs [8]. On the other hand, the survival benefit of NAC
in high-risk resectable CRLM patients has been documented
in retrospective series [9-11].

To predict survival after resection of CRLMs, numer-
ous prognostic factors have been advocated to date [12—-18].
One of the most widely accepted risk scores is the Fong
Clinical Risk Score [17]: disease-free interval < 12 months,
number of metastases > 1, preoperative CEA level > 200 ng/
mL, largest liver metastasis > 5 cm, and lymph node-positive
primary tumor are counted as 1 point each, and a score of
more than 2 points is considered high risk. Importantly, this
clinical risk score was developed in only patients who under-
went upfront surgery. In fact, the prognostic accuracy of risk
scores has not always been reproducible by external cohort
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validation in the era of currently developed chemotherapy
[19].

The tumor burden score (TBS), reported by Sasaki et al.,
is a newly developed model that translates the size and num-
ber of CRLMs into one variable using the Pythagorean theo-
rem and has better prognostic discriminatory power than tra-
ditional tumor morphologic categorization [20]. The concept
of the TBS was described as “Metro-ticket” paradigm; as the
longer trip on the Metro results in higher cost, increments
in size and number of CRLMs result in worse prognosis.
Specifically, the hazard ratio (HR) for the OS of TBS >3
to <9, and TBS >9 were 1.66 and 2.60, respectively with
referent TBS < 3. In addition, the discriminatory ability in
predicting outcomes among patients treated with preopera-
tive chemotherapy was clearly advocated [20].

There was nobody who raised any objections to introduce
systemic chemotherapy for patients with marginally resect-
able or initially unresectable liver metastases. However, indi-
cation of preoperative chemotherapy for initially resectable
liver metastases remains controversial. The objective of this
study was to assess the TBS in patients who underwent liver
resection for initially resectable CRLM in our center and to
verify whether the TBS could become a tool for NAC indica-
tion, especially for high-risk patients.

Patients and methods
Patient population

One hundred sixty-nine consecutive patients who under-
went hepatectomy for CRLM between January 2008 and
December 2018 were identified from the Nagoya University
Hospital prospective database and analyzed retrospectively.
Of those, repeated hepatectomy (n=46), initially unresect-
able (n=28), and borderline resectable (n=13) cases were
excluded. A total of 102 patients were included in this study.

A complete set of demographic data on age, sex, and
clinicopathological findings, including the site and TNM
status of the primary tumor and pretreatment serum car-
cinoembryonic antigen (CEA) level, was collected. Liver
metastatic status, including timing, size and number of
tumors, was determined by imaging studies. Synchronous
CRLM was defined as having a disease-free interval of zero.
Chemotherapeutic status and perioperative outcomes were
also collected. The response to chemotherapy was assessed
according to Response Evaluation Criteria in Solid Tumors
(RECIST version 1.1). An RO resection was defined as no
microscopic tumor invasion at the margin of the specimen.
Pathologically complete response patients were counted as
zero tumor number and zero diameter. OS was calculated
from the date of treatment, either NAC or surgery, to the
date of death or last follow-up. This study was approved by

the Nagoya University Hospital Institutional Review Board
(approval number 2019-0233).

Preoperative assessment and treatment indication

Each patient was assessed at a multidisciplinary pretreat-
ment conference for resectability upon diagnosis of CRLM.
Chest to abdominopelvic, contrast enhanced dynamic thin
slice (0.75-mm slice thickness) computed tomography (CT),
gadoxetic acid enhanced magnetic resonance imaging of
liver, '8F-fluorodeoxyglucose positron emission tomogra-
phy CT, and indocyanine green (ICG) clearance tests were
routinely performed. Patients were then allocated to either
NAC or upfront surgery by the physician’s choice, consider-
ing the trend of time and patient background. Patients were
more likely to be allocated to NAC when they had previ-
ously reported high-risk features (i.e., synchronous metas-
tasis, multiple metastases, or large metastases). Adjuvant
chemotherapy (AC) was also administered according to the
physician’s choice.

Definition of resectable CRLM

The definition of “resectable” CRLM is controversial, espe-
cially in recent decades, and institutional discrepancies are
also non-negligible. In our institute and in this study, those
who meet the following criteria were defined as resectable:
patients who were medically fit, patients who were evaluated
by a liver surgeon as being “technically feasible”, patients
in whom both the inflow and outflow of the liver were pre-
served or would be preserved after vascular reconstruction,
patients in whom remnant hepatic function was maintained
according to the ICG clearance test, and patients with an
absence of unresectable extrahepatic metastasis. Other-
wise, resection was not limited by the tumor size, number of
metastases, tumor location, metastatic timing, concomitant
resection of the primary site, or chemotherapeutic status.

Tumor burden score

TBS for CRLM is a newly developed prognostic model [20]
based on both maximum tumor size and number of lesions.
The TBS is defined as the distance from the origin on a
Cartesian plane (0, 0) to the (x, y) coordinates of the point,
where the maximum tumor size (cm) is on the x-axis and the
number of liver lesions is on the y-axis. The distance was
calculated using the Pythagorean theorem according to the
following formula:

[TBS? = (maximum tumor diameter)2 + (number of liver lesions)z]
TBS values were originally categorized into three “zones”

with incremental worsening of OS [zone 1: TBS < 3, zone 2:
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TBS >3 to <9, and zone 3: TBS >9]. In the current study,
a TBS <3 was defined as “TBS-low”, and a TBS >3 was
defined as “TBS-high” based on a significant OS difference
in the external cohorts validated in the original study [20].

Statistical analysis

Continuous variables are expressed as medians with ranges.
Categorical variables are presented as whole numbers and
percentages. Comparisons between groups were performed
using the Chi-square test, Fisher’s exact test, or the Wil-
coxon signed-rank test where applicable. OS was estimated
by the Kaplan—Meier method, and the log-rank test was used
to assess the difference. Cox proportional hazards regres-
sion models were used to evaluate the prognostic factors.
Variables with a p value <0.120 on univariate analysis were
included in the multivariate analysis. Survival estimates
were written as hazard ratios (HRs) with 95% confidence

Fig. 1 Flow diagram of the
study

intervals (95% Cls). Statistical analyses were implemented
with JMP 10.0.2 software (SAS Institute).

Results
Patient characteristics and perioperative outcomes

A total of 102 patients were allocated to either NAC or
upfront surgery according to physician choice and divided
into TBS-low (n=46) and TBS-high (n=156) groups
(Fig. 1). The baseline characteristics and perioperative out-
comes of all patients and stratified by TBS groups are shown
in Table 1, with a median follow-up of 3.4 (range 0.1-10.9)
years. In summary, the patients’ backgrounds were basically
similar except that significantly more patients were allocated
to NAC in the TBS-high group than in the TBS-low group
(66.1% vs 45.7%, p=0.038). The number of CRLMs, size
of the largest CRLM, proportion of bilobar metastases, and
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Table 1 Baseline patient demographic and clinical characteristics
Variables All cohort (n=102) TBS-low (n=46) TBS-high (n=56) p
No (%) No (%) No (%)
Background characteristics
Age, years, median [range] 68.0 [28.0-87.0] 69.5 [44.0-86.0] 66.5 [28.0-87.0] 0.138
Gender, male 71 (69.6) 34 (73.9) 37 (66.1) 0.392
Primary tumor characteristics
Tumor site
Right colon 29 (28.4) 10 21.7) 19 (33.9) 0.175
Left colon or rectum 73 (71.6) 36 (78.3) 37 (66.1)
pT
T1-3 79 (77.5) 33 717 46 (82.1) 0.211
T4 23 (22.5) 13 (28.3) 10 (17.9)
pN
NO 48 (47.1) 19 (41.3) 29 (51.8) 0.291
NI1-3 54 (52.9) 27 (58.7) 27 (48.2)
Extrahepatic distant metastases 5 “4.9) 3 (6.5) 2 3.6) 0.492
CEA (ng/mL), median [range] 6.6 [0.9-1470] 5.3 [0.9-670] 8.0 [1.0-1470] 0.470
Liver metastases
Presentation of CRLM
Metachronous 47 (46.1) 24 (52.2) 23 (41.1) 0.263
Synchronous 55 (53.9) 22 (47.8) 33 (58.9)
Disease-free interval (< 12 months) 79 (717.5) 34 (73.9) 45 (80.4) 0.438
Metastatic sites
Unilobar 70 (68.6) 40 (87.0) 30 (53.6) <0.001
Bilobar 32 (31.4) 6 (13.0) 26 (46.4)
Numbers of CRLM, median [range] 2[1-12] 1[1-2] 2.5[1-12] <0.001
Largest CRLM (cm), median [range] 2.5[0.4-14.8] 1.7 [0.4-2.7] 3.8 [0.4-14.8] <0.001
Tumor burden score, median [range] 3.4[1.1-15.3] 2.4[1.1-2.9] 5.2[3.1-15.3] <0.001
Preoperative factors
Neoadjuvant chemotherapy 58 (56.9) 21 45.7) 37 (66.1) 0.038
RECIST response PR or more 40 (69.0) 13 (61.9) 27 (73.0) 0.381
Intraoperative factors
Hepatic resection(s)
Partial 56 (54.9) 33 (71.7) 23 (41.1) 0.001
Segmental 27 (26.5) 11 (23.9) 16 (28.6)
Lobectomy or more 19 (18.6) 2 4.4) 17 (30.4)
Concomitant primary resection 31 (30.4) 16 (34.8) 15 (26.8) 0.382
Postoperative outcomes
Morbidity 25 (24.5) 13 (28.3) 12 (21.4) 0.425
Pathological outcomes
RO resection 96 (94.1) 44 (95.7) 52 92.9) 0.639
pCR 8 (14.0 5 (23.8) 3 (8.3) 0.100
Number of CRLM, median [range] 2 [0-11] 1[0-4] 3[0-11] <0.001
Largest CRLM (cm), median [range] 2.0 [0-12.7] 1.5 [0-3.5] 3.0 [0-12.7] <0.001
Adjuvant chemotherapy 31 (30.4) 17 (37.0) 14 (25.0) 0.191
Combined perioperative chemotherapy 9 (8.8) 3 6.5) 6 (10.7) 0.458
Recurrence 60 (58.8) 26 (56.5) 34 (60.7) 0.691
Liver® 33 (32.4) 12 (26.1) 21 (37.5) 0.288
Lung® 25 (24.5) 10 21.7) 15 (26.8) 0.646
Locoregional® 5 4.9) 3 (6.5) 2 3.6) 0.656
Other organs® 18 17.7) 8 17.4) 10 17.9) 0.951
Re-resection after recurrence 29 (48.3) 14 (53.9) 15 44.1) 0.603
Follow-up years, median [range] 3.410.1-10.9] 3.6 [0.1-10.9] 3.1[0.6-10.5] 0.369
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Table 1 (continued)

Bold values are statistically significant

TBS tumor burden score, CEA carcinoembryonic antigen, CRLM colorectal liver metastasis, RECIST response evaluation criteria in solid

tumors, PR partial remission, CR complete remission

“Duplicates are individually counted

extent of hepatic resection were higher in the TBS-high
group than in the TBS-low group. The postoperative mor-
bidity rates and pathological RO resection rates were simi-
lar between the two groups. The pathologically identified
number of tumors and size of the largest metastasis were
significantly larger in the TBS-high group than in the TBS-
low group. The rate of pathological complete remission was
non-significantly higher in the TBS-low group.

Neoadjuvant and adjuvant chemotherapy

Of the 58 patients (56.9%) who received NAC, 54 patients
(93.1%) received combined cytotoxic agents with fluoroura-
cil and oxaliplatin. Two patients received fluorouracil plus
irinotecan, one patient received fluorouracil only, and one
patient received triplet therapy. Targeted biological agents
with bevacizumab, panitumumab, or cetuximab were admin-
istered in 42 (72.4%) patients. The median treatment dura-
tion was 12 weeks.

AC was administered in 22 patients (50.0%) of those who
underwent upfront surgery, and 9 patients (29.3%) of those
who received NAC.

Oncologic outcomes

In the total cohort, recurrence was observed in 60 (58.8%)
patients. The liver was the most dominant site for recurrence
(32.4%), followed by the lung (24.5%). Sites of recurrence,
re-resection rates were similar between the two TBS groups
(Table 1). The 3- and 5-year OS rates were 79.2% and 64.3%,
respectively. The 5-year OS was 55.2% in the TBS-low group
and 69.2% in the TBS-high group (p =0.286) (Fig. 2). In the
subgroup survival analysis, patients who received NAC had
a non-significantly improved OS in the TBS-high group (the
5-year OS was 76.1% in the NAC group and 54.9% in the
upfront surgery group, p =0.093) but not in the TBS-low
group (5-year OS was 49.2% in the NAC group and 60.1%
in the upfront surgery group, p=0.338) (Fig. 3a, b). On the
other hand, patients who received AC had a non-significant
favorable increase in OS in the TBS-low group (5-year OS
was 69.0% in the AC group and 47.8% in the non-AC group,
p=0.085) but not in the TBS-high group (5-year OS was
56.8% in the AC group and 72.4% in the non-AC group,
p=0.324) (Fig. 3c, d). In multivariate survival analyses,
age > 65 years (p=0.003), CEA >200 (p =0.048), and
upfront surgery (p =0.009) were independent risk factors for
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Fig.2 Kaplan—Meier curves by TBS groups. The 5-year overall sur-
vival was 55.2% in the TBS-low group and 69.2% in the TBS-high
group (p=0.286)

poor OS in the TBS-high group, while lymph node-positive
status of the primary tumor (p =0.038) and non-AC treat-
ment (p =0.022) were independent risk factors for poor OS
in the TBS-low group (Table 2).

Recurrence status after hepatectomy in the TBS-high
group is shown in Table 3. There was no difference in the
rate, sites and re-resection of recurrences among the NAC
and upfront surgery groups.

Discussion

Various prognostic predictors after resection of CRLM
have been advocated to date [13, 15, 17, 18], and virtually
all of them include tumor size and number of tumors as
independent prognostic factors. The cutoff values, how-
ever, were set somewhat arbitrarily, making it difficult to
estimate the extent of prognostic risk. As such, the TBS
for CRLM, reported by Sasaki et al., is a newly developed
prognostic tool that utilizes a continuum of tumor size
and number of tumors, which better predicted survival
than each dichotomous factor. (5-year OS of 604 patients,
TBS <3 (n=174), TBS>3 to<9 (n=363), and TBS>9
(n=67) were 68.9%, 49.4%, and 25.5%, respectively.) [20]
Interestingly in the present study, the TBS alone did not
distinguish OS. Furthermore, the 5-year OS of 69.2% in
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Fig.3 Kaplan—Meier curves of each TBS group by treatment set-
tings. a NAC did not improve overall survival in the TBS-low group
(»=0.338). b Patients who received NAC had a non-significant
improvement in overall survival in the TBS-high group (p=0.093). ¢

the TBS-high group was relatively favorable for high-risk
CRLM compared with the previously reported 5-year OS
value of up to 58% [1, 2, 4, 20]. Given that the background
characteristics of the two groups in our study were mostly
similar in terms of previously reported risk factors such as
primary tumor nodal status and preoperative CEA levels,
we hypothesized that NAC was responsible in the TBS-
high group for a favorable OS. In the multivariate analysis,
NAC in the TBS-high group turned out to be an independ-
ent favorable prognostic factor, as did age < 65 and CEA
level <200. In the TBS-low group, on the other hand, NAC
was not associated with survival. We suggest that TBS
alone could be utilized as a clinical tool for NAC indica-
tion in patients with initially resectable CRLMs.
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Patients who received AC had a non-significant improvement in over-
all survival in the TBS-low group (p=0.085). d AC did not improve
overall survival in the TBS-high group (p=0.324)

Ayez et al. reported in a retrospective series that patients
with a high Fong Clinical Risk Score were associated with
improved OS after NAC [10], and a prospective randomized
study comparing NAC followed by surgery vs surgery alone
in high-risk resectable CRLM is ongoing [21]. Likewise,
Hokuto et al. reported that CRLM patients with a primary
colorectal cancer N-stage of N2-3 should be administered
NAC as first-line therapy [9]. These studies suggested that
patients with high-risk profiles might benefit from preopera-
tive treatment, which was consistent with the current study.
The reason why NAC improve the survival in high-risk
CRLM is interesting but unintelligible, as the recurrence
rate, sites and re-resection after recurrence in the TBS-high
population were similar between the NAC and the upfront
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Table2 Univariate and Variables TBS-low (n=46) TBS-high (n=56)
multivariate analyses for overall
survival (Cox proportional Univariate Multivariate analysis Univariate Multivariate analysis
hazards regression model) analysis analysis
P HR 95%CI p p HR 95%CI )4
Age
<65 Ref Ref
>65 0.305 0.018 6.821 1.849-34.163 0.003
Gender
Female Ref Ref
Male 0.512 0.657
Primary tumor
T-stage
T1-T3 Ref Ref
T4 0.264 0.305
N-stage
NO Ref Ref
NI1-N3 0.119 3.169 1.088-11.461 0.038 0.209
Sidedness
Left Ref Ref
Right 0.991 0.300
CEA level (ng/mL)
<200 Ref Ref
>200 0.180 0.062 7.088 1.024-31.802 0.048
Liver metastases
Metachronous  Ref Ref
Synchronous 0.772 0.234
Disease-free interval
> 12 months Ref Ref
<12 months 0.645 0.668
Largest size
<5cm N/A Ref
>5cm 0.959
Number of tumors
<4 N/A Ref
>4 0.843
Distribution
Unilobar Ref Ref
Bilobar 0.734 0.447
Treatment setting
Upfront surgery Ref Ref
NAC 0.340 0.108 0.197 0.055-0.663  0.009
AC
No Ref Ref
Yes 0.075 0.319 0.087-0.092 0.022 0.352

Bold values are statistically significant

TBS tumor burden score, HR hazard ratio, CI confidence interval, NAC neoadjuvant chemotherapy, AC
adjuvant chemotherapy

surgery groups in this study. The higher dose intensity in  the remaining liver and other organs, especially in patients

NAC setting compared to the AC setting might be a consid-  with higher tumor burden.

erable reason, eliminating pre-existing micrometastasis of On the other hand, an optimal regimen of NAC
also remains unclear. Combined cytotoxic agents with
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Table 3 Recurrence status after hepatectomy in the TBS-high group

Variables NAC (n=37) Upfront sur- p
gery (n=19)
No (%) No (%)

Total recurrence 23 (62.2) 11 (579 0.747
Liver® 14 (378 7 (36.8) 0.942
Lung® 11 (297 4 (21.1) 0.488
Locoregional® 2 5.4) 0 (0.0) 0.544
Other organ(s)® 7 (189) 3 (15.8) 0.542

Re-resection after recurrence 12 (52.2) 3 (27.3) 0.271

TBS tumor burden score, NAC neoadjuvant chemotherapy

*Duplicates are individually counted

fluorouracil and oxaliplatin have been widely accepted; how-
ever, the efficacy of triplet regimen or additional targeted
agents should be further investigated. Although Sasaki et al.
also demonstrated that the TBS model was able to stratify
prognosis among those who had PD/SD or PR/CR response
after NAC [20], this was not reproducible in our cohort (data
not shown). It might be partly due to the differences in the
chemotherapy agents.

Another interesting finding from the present study was
that AC was responsible for the favorable OS according to
the multivariate analysis in the TBS-low group but not in the
TBS-high group. The FFCD 9002 trial, which investigated
adjuvant fluorouracil and folinic acid vs surgery alone after
resection of CRLM [22], demonstrated a non-significant,
but favorable OS in the AC group. Most of the patients in
this study had only 1 or 2 CRLMs (87%) and tumor size less
than 5 cm (74%), thus considered to be relatively low risk in
terms of the TBS. Our group demonstrated similar favorable
survival in the multicenter phase II trial of adjuvant S-1 for
relatively low-risk patients [23]. Although the role of AC
after curative resection of CRLM is still undetermined [24],
some existing evidence and our study suggest that patients
with low TBS benefit from AC rather than NAC.

It is important to note that initially resectable CRLMs
might become inoperable after NAC because of progressive
disease or severe adverse events. Mukai et al. reported that 4
out of 61 (6.6%) patients who underwent NAC with S1 and
oxaliplatin plus bevacizumab for CRLM became inoperable
for such reasons [25]. In the EORTC 40,983 trial, the rate
of progression under chemotherapy was reported to be 7%.
Not high but non-negligible rates of failures must be taken
into consideration, which also supports NAC being limited
to high-risk populations.

This single-center, limited sample size, retrospective,
non-randomized, and per-protocol study might be biased
due to its nature. In addition, we did not include RAS and
BRAF mutation status in the current study because approxi-
mately half of the data were missing and thus considered

inappropriate. Although another prognostic risk score (the
GAME score) was recently proposed that included KRAS
mutation status as an independent prognostic factor [26],
the addition of cetuximab to resectable CRLM resulted in
decreased progression-free survival, and KRAS mutation
status is not an indicator for NAC in resectable CRLM in
current clinical practice [27]. The role of RAS and BRAF
mutation status in preoperatively predicting which treatment
should be used needs further investigation.

In conclusion, in patients with initially resectable CRLM,
the TBS-high population had a survival benefit from NAC,
while the TBS-low population benefited from AC. The TBS
might have the potential to be a useful indicator for NAC.
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