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Diaphragmatic Involvement Should Not Preclude Curative-Intent
Surgical Resection for Hepatocellular Carcinoma
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Hepatocellular carcinoma (HCC) is an aggressive

malignancy with an incidence that varies worldwide. In

addition to underlying liver disease severity, treatment

decisions for HCC often are dictated by tumor-related

factors such as size, differentiation, and local invasion. We

therefore read with interest the study by Orimo and col-

leagues1 regarding the impact of HCC diaphragmatic

involvement on patients undergoing curative-intent surgi-

cal resection.

The authors retrospectively analyzed a large cohort of

874 patients from Hokkaido University Hospital.1

Propensity score-matching was used to control for con-

founders to compare outcomes between patients

undergoing hepatectomy for HCC who underwent

diaphragmatic resection (DR) (5.3%) and those who did

not. Perhaps not surprisingly, HCC with diaphragmatic

involvement was associated with more advanced tumor-

related factors including higher alpha-fetoprotein (AFP)

levels, larger tumor size, and higher incidence of portal and

hepatic vein invasion. After control for these and other

measurable confounders, DR was not found to be inde-

pendently associated with short- or long-term outcomes

after hepatectomy. In fact, patients who underwent DR had

outcomes similar to those of individuals in the non-DR

cohort.

The aforementioned data were consistent with a previ-

ous report by Lin et al.,2 who reported on the safety of DR

for HCC as well as with other studies on en bloc resection

of different primary tumors combined with adjacent

structures.3–6 For example, Kimchi et al.3 reported on the

safety and efficacy of combined pancreaticoduodenectomy

and extended right hemicolectomy for locally advanced

pancreatic adenocarcinoma, sarcoma, and colon cancer. In

a separate study, Hunter et al.4 similarly noted that patient

survival after en bloc resection of colon cancer adherent to

other organs was comparable with long-term outcomes

after standard colectomy for nonadherent colorectal can-

cers. In addition, other studies have similarly noted

comparable short- and long-term outcomes among patients

undergoing cytoreduction with and without DR for gyne-

cologic malignancies.5,6

Collectively, the data suggest that technical aspects of

the case (i.e., need to resect adjacent structures such as the

diaphragm) do not drive long-term outcomes. Rather, as

expected, tumor-related rather than technical-related fac-

tors have an impact on prognosis. These data support an

aggressive surgical approach to achieve complete tumor

extirpation for well-selected patients who have locally

advanced disease, including individuals with HCC and

diaphragmatic involvement.

Several shortcomings need to be considered when the

data in the study by Orimo et al.1 are interpreted. The

authors used propensity score-matching to balance the

cohorts to minimize selection bias, which is ubiquitous in

retrospective studies used to examine treatment differ-

ences. Notably, multiple clinicopathologic differences

existed between the DR and non-DR cohorts before

propensity score-matching. Specifically, the patients who

underwent DR were older and more likely to have Child–

Pugh B cirrhosis than the patients who underwent hepate-

ctomy without DR. Some biostatisticians have argued,

however, that propensity score-matching can paradoxically

increase confounder imbalance, thereby leading to
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estimates of exposure effects with greater bias. Although

propensity score-matching may mitigate selection bias by

balancing the cohorts on known covariates, unlike random

assignment of treatments, the propensity score does not

balance unobserved covariates.7 In addition, the issue of

selection bias cannot be addressed with a ‘‘pre-selected’’

surgical data set. Specifically, the number of patients with

diaphragmatic involvement who were not offered an

operation during the study period remains unknown. In

effect, the data can be generalized only to patients with

HCC and diaphragm involvement who were very well-se-

lected by experts such as the surgical team of Orimo and

colleagues.1 As such, the true subset of patients with HCC

and diaphragmatic involvement who benefit the most from

surgical resection remains ill defined because the authors

had already excluded a subset of patients a priori from the

data set.

Another interesting difference between the DR and non-

DR cohorts was that more than one fourth of the patients

who did not need DR underwent a non-anatomic

parenchymal-sparing hepatectomy versus only 2% of the

patients in the DR cohort. These data are particularly

interesting given that formal anatomic resection has been

proposed as oncologically superior in the treatment of HCC

given the tendency of HCC to invade portal tributaries.8

Notably, the authors also did not report data on margin

status or width of the surgical margin. Such data would

have been illustrative because margin status and margin

width have been associated with long-term prognostic

outcomes, including recurrence.9 The omission of these

data was particularly noteworthy given that intrahepatic

recurrence was more common among the patients in the

non-DR cohort. Furthermore, the authors should have

reported data on lung-specific complications (e.g.,

empyema, effusion, pneumonia, reintubation) and specific

location of lymph node recurrence (e.g., intraabdominal vs

mediastinal).

Treatment of HCC, especially large HCC or tumors that

invade adjacent structures, remains challenging and should

be determined in a multi-disciplinary setting. Despite the

limitations of the study by Omino and colleagues,1 we

agree that local invasion of adjacent structures, including

the diaphragm, should not be considered a contraindication

to resection of HCC when necessary to achieve a negative

surgical margin. The data do highlight, however, that these

patients frequently have other adverse biologic factors and

remind us that biology, not surgery, is king.
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