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Abstract

INTRODUCTION—OQutcomes for hepatectomy for breast cancer metastasis and sarcomatous
disease processes are not well defined in literature. We sought to use a national database to

identify outcomes in these patients compared to subset of patients more well studied in literature —
primary Hepatocellular cancer patients and patients with colorectal metastasis.

METHODS—We identified patients undergoing major hepatectomy (= 3 segments) for primary
hepatocellular cancer (HCC), sarcoma metastasis, breast cancer metastasis, and colorectal

metastasis using NSQIP database. The Primary outcome measure was 30-day mortality. Secondary

outcome measures were 30-day readmission and complication rates.

RESULTS—A total of 5580 patients underwent major hepatectomy during the study period.
Patients who underwent hepatectomy for breast cancer metastasis had higher incidence of in-
hospital complications (37%) compared to sarcoma (29%), colon (26%), and HCC patients (24%)
and 30-days readmission rate (37% vs. 29% - sarcoma vs. 26% - colon vs. 25% HCC). There was
no difference in 30-days mortality among the groups.

CONCLUSION—Patients undergoing major hepatectomies for breast cancer metastasis and
sarcoma are more likely to have adverse outcomes than compared to their counterparts. This
difference highlights the lack of experience in managing breast cancer and sarcoma with
metastatic disease to the liver. This also highlights the difference in tumor biology among all
the lesions we studied. An extensive discussion should take place when dealing with breast and
sarcoma lesions in the liver because of these outcomes.

Correspondence should be addressed to Mohd Raashid Sheikh, MohdRaashid.Sheikh@med.usc.edu.
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INTRODUCTION

Several established indications exist for hepatic resections for metastatic cancers [1]. In
US the most common surgical resection performed in terms of metastatic disease is from
colorectal origin [2]. As survival and outcomes with other oncologic disease processes like
breast cancer, and sarcoma have improved; we are seeing more patients undergoing liver
resection for these metastatic cancers [3].

Distant metastases are expected in almost half of patients diagnosed with breast cancer,

this fact being responsible for the high number of breast cancer-related deaths in women
diagnosed with this malignancy worldwide [4]. The presence of distant metastases is usually
a sign of systemic, with an extremely poor prognosis, the reported survival of untreated
patients ranging between 3 months and 6 months [5]. In all these cases the traditional
therapeutic approach consists of systemic therapy including intravenous chemotherapy,
anti-hormonal therapy or monoclonal antibodies; however the reported survival after the
apparition of liver metastases remains very poor, ranging from 3 months to 15 months

[4,6]. Once the benefits of liver resection were widely demonstrated in cases with hepatic
metastases from colorectal primaries [7-9], attention has been focused on a possible benefit
of hepatic resection for breast cancer liver metastases [4,10-13]. The reported results

after breast cancer liver metastases remain heterogeneous with 5-years overall survival

rates ranging between 21% and 61% [4,10,14-16]. Few prognostic factors such as tumor
dimensions, number of lesions and disease-free survival between breast cancer surgery and
apparition of liver lesions have been incriminated as predictors of long-term survival after
liver resection; however, the results vary widely between different studies. Approximately
10% of breast cancer patients will present with solid organ metastases, while up to 30%

will develop metastatic disease during their treatment course. Liver metastases are usually
treated with systemic chemotherapy [17]. Although, colorectal liver metastases are routinely
resected, this is not yet the standard of care for breast cancer-related liver metastases. An
increasing number of studies examining the role of therapeutic hepatic metastatectomy show
encouraging survival results. The median overall survival was 40 (range, 15-74) months and
median 5-years survival rate was 40% (range, 21% - 80%) [18].

Similar to breast cancer metastasis, patients with metastatic sarcoma to the liver presents

a unique set of patients whose outcomes are not well defined [19]. The value of hepatic
resection for liver metastases from sarcoma is unknown; the few published reports are
mostly anecdotal [20]. MSKCCC experience shows that the postoperative 1 year, 3 years,
and 5-years actuarial survival rates were 88%, 50%, and 30%, respectively, with a median of
39 months. In contrast, the 5-years survival rate of patients who did not undergo complete
resection was only 4% [20]. Because of lack of national studies in this area the aim of the
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study was to evaluate outcomes after liver resection in breast and sarcoma patients relative to
HCC patients.

We identified patients undergoing major hepatectomy (=3 segments) for primary
hepatocellular cancer (HCC), sarcoma metastasis, breast cancer metastasis, and colorectal
metastasis using NSQIP database. Primary outcome measure was difference in 30-days
mortality.

We utilized ACS National Surgical Quality Improvement Program (NSQIP) for years 2014—
2017 as the source of our data. The ACS NSQIP is a quality improvement database that
collects preoperative and postoperative data through 30 days after the procedure for a variety
of surgical procedures [16]. All data collected are compliant with the privacy requirements
of the Health Insurance Portability and Accountability Act (HIPAA). Institutional review
board approval was not required for this study because the collected information was de-
identified, no protected health information was reviewed, and the analysis was retrospective.

The following data points were analyzed for each patient: demographics (age, gender,

and race); preoperative laboratory parameters (Serum albumin, Hematocrit, International
normalized ratio, Liver function tests); comorbidities (Coronary artery disease, Chronic
kidney disease, Diabetes mellitus, Hypertension, and Congestive heart failure); American
Society of Anesthesiologists Classification score; hospital and intensive care unit length of
stay; discharge disposition; and mortality.

The following 30-days outcomes were included: surgical site infection (SSI), cardiac arrest,
renal failure, stroke, transfusion occurrence, readmission, and return to operating room.
Secondary outcome measures were 30-days readmission and morbidity.

Data presentation & statistical analysis

We performed multiple imputations using a missing value analysis technique to account for
the missing values. To impute the datasets, the original dataset was analyzed for random
missing data points using little’s missing completely at random (MCAR) test. We used

the Markov Chain Monte Carlo method for multiple imputations. This method refers to a
collection of methods for simulating random draws from non-standard distributions.

We have reported the data as a mean with standard deviation for continuous parametric

data and as median with interquartile range for non-parametric data. We have reported
proportions for categorical variables. We utilized the student’s t-test and the Mann-Whitney
U test to explore the differences between parametric and non-parametric data in our two
groups, respectively. The chi-square test was utilized for evaluating differences in categorical
variables. A p-value <0.05is considered statistically significant in our study.
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We performed multivariate regression analysis to control for confounders. To assess the
association between each potential dependent variable and the binary outcomes, we first
performed a univariate analysis. Variables with a p-value less than 0.2 on the univariate
analysis were then used in a multivariate logistic regression model. On the multivariate
logistic regression analysis, variables were considered significant at a p-va/ue less than 0.05.
All statistical analyses in our study were performed using the Statistical Package for Social
Sciences (SPSS, Version 24; SPSS, Inc., Chicago, IL).

We identified 5580 patients who underwent hepatectomy for primary hepatocellular cancer
or metastatic liver disease. Overall, the mean age was 60 + 12 years, 62% were male

and 64% were white. The most common indication for resection was metastatic disease
(61%) followed by primary HCC (31%). Patients with primary HCC were more likely to
be diabetic (p<0.01) and smokers (p<0.01) relative to the other groups. Patients with colon
cancer were more likely to have received neoadjuvant chemotherapy when compared to
patients with HCC (p<0.01). There was no difference in preoperative labs across the study
groups (Table 1) highlights patient characteristics.

Most of the patients underwent an open procedure. However, patients with liver lesions from
metastatic breast cancer were likely to have a laparoscopic approach (13%) compared to the
other groups. Sarcoma resection had the lowest mean operative time 137 minutes compared
to the other subsets of patients. Table 2 highlights operative characteristics. The NSQIP
predictor for morbidity and mortality was higher in the HCC and the CRM groups than

the breast and sarcoma patients. In terms of complication rates; patients with breast cancer
metastasis (3.1%) and sarcoma (3.1%) had a higher rate of re-operation when compared

to patients with HCC (1.3%) and colorectal (1.1%) cancer. They also had higher rates

of intraoperative blood transfusions (1.8% - Breast, and 1.7% - sarcoma) and Pulmonary
embolisms in post-operative periods (Table 3).

Breast patients and sarcoma patients were more likely to have biliary complications than the
other groups. The incidence of bile leak was highest in breast patients - 3.9% whereas the
incidence of post-operative liver failure was highest among sarcoma patients - 3.1%.

On univariate analysis, breast cancer patients to have higher 30-days complications and
readmission rates (Table 4). We didn’t find any different in mortality among the groups.
Analysis of multivariable logistic regression is summarized in Table 5.

DISCUSSION

We performed an outcomes study using a national database to assess outcomes in patients
undergoing major hepatectomy for different malignant etiologies. We found a higher 30-
days complication rate and readmission in patients undergoing hepatectomy for breast
cancer metastasis followed by sarcoma of the liver. We found no difference in mortality
among the groups.
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We don’t know why the difference in outcomes in patients with sarcoma and breast
metastasis have higher complication rates. We do believe that the aggressive nature of the
disease, along with limited data in terms of managing these rare forms of liver lesions has
a role to play [20]. Different tumor biology of the underlying cancers, differing medical
histories and time intervals between the primary cancer and liver metastasis including
variation in preceding endocrine treatment as well as chemotherapy, and different surgical
approaches lead to an inevitable inhomogeneity [21]. Significant literature is present in
managing HCC and colorectal metastasis whereas there is a dearth of good data in managing
liver sarcomas and metastatic breast disease to the liver. We believe our study has evoked
an important question - how well we understand these patients with sarcoma and breast
metastasis that are undergoing liver resections?

Liver surgery has improved, and new techniques of resection and a wider understanding of
the perioperative treatment are constantly reducing the perioperative morbidity and mortality
[22]. Today, wherever feasible, a malignant tumor of the liver should be resected.

During the past decades, liver surgery has become safe, thereby liberalizing its indications.
However, it is pivotal to meticulously select patients who are candidates for potentially
curative resection. Discussion in multidisciplinary tumor boards has demonstrated to be
essential in selecting patients who might benefit from surgery.

The strength of our study is the relatively large sample size from a population-based

data set. Furthermore, this study provides detailed information on intra and postoperative
complications, which are rare in population-based data sets. However, certain limitations do
apply to our current analysis. Retrospective studies do present with an inherit selection bias.
The only way to really test whether the reported outcomes are related to the therapeutic
impact of resection or selection bias would be a prospective trial randomizing patient with
resectable disease to systemic therapy or surgery. This has not happened and will not likely
ever happen because of the rarity of the situation and limited willingness of practitioners. An
alternative study is a retrospective case series comparing similar patients who, for whatever
reason, were picked for either surgery or systemic therapy alone.

CONCLUSION

Patients undergoing major hepatectomies for breast cancer metastasis are more likely to have
adverse outcomes than compared to their counterparts. This difference highlights the lack of
experience in managing breast cancer with metastatic disease to the liver.

REFERENCES

1. Adam R, Aloia T, Krissat J, et al. (2006) Is liver resection justified for patients with hepatic
metastases from breast cancer?. Annals of Surgery 244(6): 897-908. [PubMed: 17122615]

2. Fitzgerald TL, Brinkley J, Banks S, et al. (2014) The benefits of liver resection for non-colorectal,
non-neuroendocrine liver metastases: A systematic review. Langenbeck’s Archives of Surgery
399(8): 989-1000.

3. Yoo TG, Cranshaw I, Broom R, et al. (2017) Systematic review of early and long-term outcome
of liver resection for metastatic breast cancer: Is there a survival benefit?. The Breast 32: 162-172.
[PubMed: 28193572]

Cancer Med J. Author manuscript; available in PMC 2020 November 13.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Aziz et al.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Page 6

. Sano K, Yamamoto M, Mimura T, et al. (2018) Outcomes of 1,639 hepatectomies for non-colorectal

non-neuroendocrine liver metastases: A multicenter analysis. Journal of Hepato-Biliary-Pancreatic
Sciences 25(11): 465-475. [PubMed: 30311741]

. Tomlinson JS, Jarnagin WR, DeMatteo RP, et al. (2007) Actual 10-year survival after resection of

colorectal liver metastases defines cure. Journal of Clinical Oncology 25(29): 4575-4580. [PubMed:
17925551]

. Roberts KJ, White A, Cockbain A, et al. (2014) Performance of prognostic scores in predicting

long-term outcome following resection of colorectal liver metastases. British Journal of Surgery
101(7): 856-866. [PubMed: 24817653]

. Khatri VP, Petrelli NJ, Belghiti J (2005) Extending the frontiers of surgical therapy for hepatic

colorectal metastases: Is there a limit?. Journal of Clinical Oncology 23(33): 8490-8499. [PubMed:
16230676]

. Berri RN, Abdalla EK (2009) Curable metastatic colorectal cancer: Recommended paradigms.

Current Oncology Reports 11(3): 200-208. [PubMed: 19336012]

. Adam R, Delvart V, Pascal G, et al. (2004) Rescue surgery for unresectable colorectal liver

metastases downstaged by chemotherapy: A model to predict long-term survival. Annals of Surgery
240(4): 644. [PubMed: 15383792]

Weitz J, Klimstra DS, Cymes K, et al. (2007) Management of primary liver sarcomas. Cancer:
Interdisciplinary International Journal of the American Cancer Society 109(7): 1391-1396.
Weiss SW, Enzinger FM (1982) Epithelioid hemangioendothelioma a vascular tumor often
mistaken for a carcinoma. Cancer 50(5): 970-981. [PubMed: 7093931]

DeMatteo RP, Shah A, Fong Y, et al. (2001) Results of hepatic resection for sarcoma metastatic to
liver. Annals of Surgery 234(4): 540-548. [PubMed: 11573047]

Aapro MS (1999) Combining new agents with anthracyclines in metastatic breast cancer: An
overview of recent findings. In Seminars in oncology 26(1 Suppl. 3): 17-21.

Elias D, de Albuquerque AC, Eggenspieler P, et al. (1998) Resection of liver metastases from a
noncolorectal primary: Indications and results based on 147 monocentric patients. Journal of the
American College of Surgeons 187(5): 487-493. [PubMed: 9809564]

Malassagne B, Goere D, Cherqui D, et al. (2000) Surgical treatment of non-colorectal and
non-endocrine liver metastases. Gastroenterologie Clinique et Biologique 24(12): 1177-1185.
[PubMed: 11173730]

Elias D, Maisonnette F, Druet-Cabanac M, et al. (2003) An attempt to clarify indications for
hepatectomy for liver metastases from breast cancer. The American Journal of Surgery 185(2):
158-164. [PubMed: 12559448]

Raab R, Nussbaum KT, Werner U, et al. (1996) Liver metastases in breast carcinoma. Results of
partial liver resection. Der Chirurg; Zeitschrift fur Alle Gebiete der Operativen Medizen 67(3):
234-237. [PubMed: 8681696]

Pocard M, Pouillart P, Asselain B, et al. (2001) Hepatic resection for breast cancer metastases:
Results and prognosis (65 cases). In Annales de Chirurgie 126(5): 413-420. [PubMed: 11447791]
Carlini M, Lonardo MT, Carboni F, et al. (2002) Liver metastases from breast cancer. Results of
surgical resection. Hepato-Gastroenterology 49(48): 1597-1601. [PubMed: 12397744]

Vlastos G, Smith DL, Singletary SE, et al. (2004) Long-term survival after an aggressive surgical
approach in patients with breast cancer hepatic metastases. Annals of Surgical Oncology 11(9):
869-874. [PubMed: 15342348]

Weinrich M, WeilR C, Schuld J, et al. (2014) Liver resections of isolated liver metastasis in breast
cancer: Results and possible prognostic factors. HPB Surgery 2014.

Konstantinidis IT, Nota C, Jutric Z, et al. (2018) Primary liver sarcomas in the modern

era: Resection or transplantation?. Journal of Surgical Oncology 117(5): 886-891. [PubMed:
29355969]

Cancer Med J. Author manuscript; available in PMC 2020 November 13.



Page 7

Aziz et al.

100> TEF8 TEFLS €TFYY TZFEL (gwiwys|182 000T) DEM
120 78 F6TT 2L ¥ 66 ¥S ¥ ¥0T S9 ¥ 80T asereydsoyd-M1v
100> 67F€C 0T ¥ .2 TEFIE €S F S (un1) Lo9s

20 TE0FS50 2€0F2S0 €€0F950 €507 €90 (p/Bw) uranaig

20 90F6€ LOFY YOF6E G0¥8¢€ (Tp/B) uswngry

70 €C0F 160 6T0FTLO €0 7880 ZE0F V60 (Tp/Bw) autuneai

20 9FGT Y FET 8F 6T LF9T (Ip/Bw) NNg

ds F ueaw ‘sislaweded doaid
2e0 0o (0o (€02 (ML Ug/S uoisnysuel
100> (ev) evt (sv) s (29) 0est (1) 06T Adesay L juennipeoaN
(9%) u ‘suonuantsiu] doaid
100> ) v1 () e € vL (9) ot IN
100> ) v1 (@2 (¥) €6 (L) 121 VAD
Sr'0 (9 L1 v (9) LT (1) 12T ado
100> (6€) €T (67) 6T (¥v) 8L0T (T9) G501 NLH
96°0 (o (0o (ro) ot (€0)s 4HD
100> (0o (F (&) vL (L) 121 adod
6T°0 (1) ve () e (¥) €6 (M) ter eaudsAQ
100> @1 (oT) o1 (e1) v62 (22) L9v Iayouws
100> (s1) TS (99 (1) €9¢ (82) v8y sajaqelq
(%) u 'senpIgIoWoD
70 9¥ /2 9% /2 9¥82 9¥ /2 as F uesw'zw/by “INg
200 (o1) ve (VA (¥) €6 (9) o1 (%) u "d1uedsiH
100> (1) 62 (L) oL (69) 1691 (€5) 916 (%) u ‘auum
100> (ze) 60T (o (29) L6€T (e2) 29zt (%) u ‘ajeN
100> ST .S AL ZT 765 TTF¥9 as ¥ uesw ‘aby
anfeA-d | (Tve = N) ewodses | (66 = N)Iseatg | (15K = N) uojod | (62LT = N) Arewid a|qelsen

Author Manuscript

‘T algeL

Author Manuscript

"a|dwies Apnis ay1 JO SI1ISLIB)dRIRYD Buljaseg

Author Manuscript

Author Manuscript

Cancer Med J. Author manuscript; available in PMC 2020 November 13.



Page 8

Aziz et al.

900 8F0¢ 6FTIE SFO0E 9F1E Lid
96'0 TS0F9TT S0'0 ¥ 660 STOFI0T ET0FS0T dNI
z0 187812 76 FETT 69 2T¢C €6 7212 (g Jad 000'00T) 1uN03 19]3re|d
100> 9F L€ v FLE ¥ ¥ 6¢ SFTY (%) LOH
anfeA-d | (Tve = N) ewoores | (66 = N)3seatg | (1GkZ = N) uojoD | (62.T = N) Arewnid a|qelIeA

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Cancer Med J. Author manuscript; available in PMC 2020 November 13.



Page 9

Aziz et al.

100> TCF LET ST ¥ 0T¢ €+ 1G¢ S¥vee as ¥ ues|A ‘sutw swi uorresdo [e10]
100> €6 9 6. 2L uado
900 14 A 14 4 uado 03 uoisIanuod pauuejdun ‘yum drdoasesede]
100 0 L 9 S Jsisse uado ‘ynm ordoosoesede]
100> S € 01 8T o1dodsorede-]
(9%) U ‘yoeoadde [ealbung
100> S¥/l¢ EFET S¥TC 1" Anrenon
100> v F81 T¥GT €F8I1 ZF6T Aupigion
as ¥ ueaw ‘Aujigedold dIOSN
100> ¥'C 4 L 1T Buruayeaiyy syl -
€10 8L LL TL TL 3se3sIP JILAISAS 3IBNIS-€
60°0 0z 6T 12 81 aseasIp o1WaIsAS PlIN-Z
87’0 0 0 €0 S0 uostad AyfeaH-T
(%) U ‘uonealyIsse|D VSV
JA4] 0 0 L0 €0 pajosyui/Aua
S0 0 L 14 € pareuiweIU0)D
8T0 G8 06 €8 08 pajeulweu0d/ULs|D
100> ST € €T 1T uea|o
(9%) U ‘uo1redIISSeId PUNOAA
100> 0 0 20 €1 (%) u ‘asea Aouabiawg
anjeA-d | (Tve = N) ewodses | (66 = NOIseasg | (1Gy2 = N) uojod | (62T = N) Arewid alqelIeA

Cancer Med J. Author manuscript; available in PMC 2020 November 13.

"a1dwies Apnis ay1 JO Sa1ISLIB)dRIRYD aAlRIadOoLIad

‘¢ dlgeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript



Page 10

Aziz et al.

Author Manuscript

100 %1€ %T'E %T'T %E'T {0 03 uInay

100 %LT %8'T %T'T %0'T suoIsnjsuelL

200 %TC %6'T %t'T %Z'T ad

€10 %8C %8C %LT %9°C 1Ad

7’0 %6°0 %L°0 %L0 %E'T uonegniul pauuejdun

100 %T'E %62 %9'T %90 BIUOWN3UY

€00 %2'C %T'C %9'T %E'T 1SS dn10ads uebiO

20 %1 %6°0 %Z'T %60 ISS [eropadng
%% ‘suoiedljdwod

d | (Tve=N)ewooses | (66=N)isearg | (1572 =N) uojod | (62T = N) Arewrid

‘€ 9|geL

Author Manuscript

Author Manuscript

‘suoneoljdwo)

Author Manuscript

Cancer Med J. Author manuscript; available in PMC 2020 November 13.



Page 11

Aziz et al.

Author Manuscript

G20 (0o Mt (eT)ee (em 12 (%) u ‘AurenoN Aeq@-og

100 (sT) 18 (67) 6T (T1) 022 (8) 8T (%) u ‘uoissiwpeay Ae@-og

100 (62) 66 (28) L8 (92) L£9 (¥2) 5Tp (%) u ‘suoneatjdwod Aea-0g
anfeA-d | (Tve = N) ewodres | (66 = N)Iseatg | (1Svz =N) 00D | (62LT = N) Arewid a|qelten

‘v algeL

Author Manuscript

"SBLLU02INO JO SISAeue ajeLeAIun

Author Manuscript

Author Manuscript

Cancer Med J. Author manuscript; available in PMC 2020 November 13.



Page 12

Aziz et al.

Author Manuscript

‘g 9|geL

Author Manuscript

700 G8'C—60T | 9TT Bewodles

¥0°0 Y9'€—-L0T | ¥CT 1sealg

9¢°0 TT¢—-180 | ¥OT uojod

- - JEN JOH
uoissiwpeay sAeq-0g

¥0°0 'Ce—-GTT | VLT Bwodses

¢00 6V'E-vCT | 6T°¢C 1sealg

aT'o L6'C—v6'0 | ¢T'T uojod

- - 19y O0H
suonealjdwo) [endsoH uj

anfeAd 10 %56 40

‘uolssalbial onsIBo| ajgeLeARNIA

Author Manuscript

Author Manuscript

Cancer Med J. Author manuscript; available in PMC 2020 November 13.



	Abstract
	INTRODUCTION
	METHODS
	Data points
	Outcomes
	Data presentation & statistical analysis

	RESULTS
	DISCUSSION
	CONCLUSION
	References
	Table 1:
	Table 2:
	Table 3:
	Table 4:
	Table 5:

