1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Ann Surg. Author manuscript; available in PMC 2022 April 01.

-, HHS Public Access
«

Published in final edited form as:
Ann Surg. 2021 April 01; 273(4): 806-813. doi:10.1097/SLA.0000000000003442.

Radiographic and Serologic Predictors of Pathologic Major
Response to Preoperative Therapy for Pancreatic Cancer

Giampaolo Perri, MD’, Laura Prakash, MD*, Huamin Wang, MDT, Priya Bhosale, MD*, Gauri
R. Varadhachary, MD8, Robert Wolff, MD$, David Fogelman, MD$, Michael Overman, MDS,
Shubham Pant, MD8, Milind Javle, MD8, Eugene Koay, MD', Joseph Herman, MD', Michael
Kim, MD", Naruhiko Ikoma, MD", Ching-Wei Tzeng, MD", Jeffrey E. Lee, MD", Matthew H. G.
Katz, MD"

*Department of Surgical Oncology, The University of Texas MD Anderson Cancer Center,
Houston, TX;

TDepartment of Anatomic Pathology, The University of Texas MD Anderson Cancer Center,
Houston, TX;

*Department of Diagnostic Radiology, The University of Texas MD Anderson Cancer Center,
Houston, TX;

SDepartment of Gastrointestinal Medical Oncology, The University of Texas MD Anderson Cancer
Center, Houston, TX;

TDepartment of Radiation Oncology, The University of Texas MD Anderson Cancer Center,
Houston, TX.

Abstract

Objective: We sought to identify potential radiologic and serologic markers of pancreatic tumor
response to therapy, using pathologic major response (pMR) as the objective endpoint.

Background: We previously demonstrated that a pMR to preoperative therapy, defined as
detection of <5% viable cancer cells in the surgical specimen on histopathological analysis, is an
important prognostic factor for patients with pancreatic ductal adenocarcinoma (PDAC).

Methods: Pretreatment and posttreatment computed tomography scans of consecutive patients
who received preoperative chemotherapy and/or (chemo)radiation before pancreatectomy for
PDAC between January 2010 and December 2018 were rereviewed. Response per Response
Evaluation Criteria in Solid Tumors (RECIST) 1.1, other radiographic changes in tumor size and
anatomic extent, and posttreatment CA 19-9 levels were compared between patients who did and
did not have a pMR on final histopathologic analysis of their surgical specimens.

Results: A total of 290 patients with localized PDAC underwent pancreatectomy between 2010
and 2018 after receiving preoperative chemotherapy (n = 36; 12%), (chemo)radiation (n = 87;
30%), or both (n = 167; 58%). Among them, 28 (10%) experienced pMR, including 9 (3.1%) who
experienced pathologic complete response. On multivariable logistic regression, low posttreatment
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CA 19-9 level, RECIST partial response, and reduction in tumor volume were confirmed to be
independently associated with pMR (P < 0.01).

Conclusions: We identified serologic and radiographic indicators of pMR that could help

inform the delivery of preoperative therapy to patients with PDAC.
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Pancreatic ductal adenocarcinoma (PDAC) is anticipated to emerge as the second leading
cause of cancer-related death in the United States by 2030.1 For patients with localized
PDAC, resection of the primary tumor and regional lymph nodes represents the cornerstone
of potentially curative therapy. Systemic therapy after resection improves survival outcomes
relative to surgery alone,? but over recent years, multidisciplinary teams have increasingly
treated patients who have localized PDAC with chemotherapy and/or (chemo)radiation
before, instead of following, pancreatectomy. In the preoperative setting, these regimens are
used primarily in an attempt to reduce the size and/or anatomic extent of the cancer, to
identify patients exhibiting a “locally dominant phenotype” for whom resection may be most
beneficial, and to maximize the likelihood of a microscopically complete (RO) resection.
Practice guidelines now recognize the administration of preoperative therapy as the preferred
strategy for patients with borderline resectable PDAC? and an acceptable option for patients
with potentially resectable PDAC.4

Tumor response to preoperative therapies may be measured histologically by the extent of
residual viable cancer in the resected specimen, and this metric has important prognostic
implications for patients who have undergone resection of PDAC.%>6.7 We previously showed
that patients who experience either pathologic complete response (pCR; no viable cancer
cells) or pathologic major response (pMR; <5% of residual viable cancer cells) to
preoperative therapy live significantly longer than patients who have 5% to 100% viable
residual cancer cells in their specimen. 6,7 More recently, we identified 77 (13.2%) patients
who experienced pMR among 583 patients who had received preoperative therapy for
PDAC, including 23 (3.9%) who experienced pCR. Patients who experienced pMR had a
median overall survival of 73.4 months, compared with 32.2 months among patients who did
not (£<0.01). On multivariable logistic regression, baseline factors including young age,
pretreatment cancer antigen (CA) 19-9 level, and use of gemcitabine as a radiosensitizer
were associated with pMR.8

Currently, preoperative regimens are selected on the basis of baseline data such as
radiographic stage and serum CA 19-9 level and then are typically administered, in the
absence of disease progression, for a prespecified duration as long as 6 months or more.®
The decision to proceed with resection after preoperative therapy likewise rests on the
absence of disease progression, not evidence for tumor response.19 Clinical data that could
reliably indicate response in real time might allow dynamic modulation of the type and
duration of preoperative therapies. It might also allow identification of patients unlikely to
benefit from surgery, for whom alternative strategies may be preferable. Unfortunately, the
extent to which traditional metrics of therapeutic response reliably indicate response in this
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setting is unclear. For example, standard Response Evaluation Criteria in Solid Tumors
(RECIST, version 1.1)11 have been shown to be insufficient to accurately predict
“resectability” in the setting of preoperative therapy for PDAC.1213 And, although CA 19-9
level is associated with postoperative survival, its association with pathologic response is
unknown.4:15 This is an important consideration, as survival may be modulated by multiple
factors independent of the effects of preoperative therapy.

The purpose of this study was to estimate the associations between pMR and potential
serologic and radiographic measures of response in a large cohort of patients who underwent
pancreatectomy after preoperative therapy for PDAC at The University of Texas MD
Anderson Cancer Center.

METHODS

The institutional review board of MD Anderson Cancer Center approved this study (IRB
#PA 19-0065). Individual informed consent was waived. We used MD Anderson’s
prospectively maintained pancreatic tumor database to identify 333 consecutive patients who
received preoperative chemotherapy and/or (chemo)radiation before pancreatectomy for
PDAC between January 2010 and December 2018.16 Forty-three patients were excluded
from analysis: 13 patients who received fewer than 3 cycles of preoperative chemotherapy, 8
patients for whom histopathologic analysis of treatment effect was not recorded, 7 patients
with a final diagnosis of PDAC arising in an intraductal papillary mucinous neoplasm, 7
patients with a baseline computed tomography (CT) showing severe acute pancreatitis or no
visible mass, and 8 patients for whom CT images taken at baseline or the time of surgery
were not available for rereview or who were imaged using a CT scanning protocol other than
that described below.

Radiographic Review

Before the initiation and after completion of preoperative therapy, anatomic disease staging
was accomplished with multi-detector CT using a 64-detector row scanner and a standard
protocol optimized for imaging pancreatic tumors.1” Multiplanar reconstructions were used
as necessary to visualize vascular anatomy. Per standardized criteria, tumors were
radiographically staged as potentially resectable, borderline resectable, or locally advanced.
18 The baseline and preoperative CT images of all patients were rereviewed for this study by
a surgeon (GP) blinded to treatment and outcome.

The examiner measured the tumor size using the longest (L) and shortest (1) axial diameter
and the craniocaudal diameter (A). The volume of each tumor was calculated according to
the formula for a typical ellipsoid (Volume = r/6xLxWxH).1? The radiographic interface
between the tumor and each mesenteric vascular structure (TVI) was characterized as either
no contact, abutment (<180° of the circumference), encasement (>180° of the
circumference), or occlusion.29 To measure average attenuation in Hounsfield units, a
circular region of interest encompassing one-half to two-thirds of the tumor’s area was
drawn in the center of the tumor on the section with the largest surface area in portal venous
phase CT images. To characterize radiographic changes associated with preoperative
therapy, the volume of the primary tumor, TVIs, and tumor attenuation on pretreatment
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images were compared with those in posttreatment images for each patient. The change in
tumor volume after preoperative treatment (%4,) was calculated as a percentage of the
baseline volume. Changes were also described using modified RECIST (version 1.1).11
Progressive disease (PD) was defined as either the development of metastatic lesions or an
increase of >20% in the primary tumor’s largest dimension (with a minimum increase of 5
mm). A partial response (PR) was defined as a decrease of 230% in the primary tumor’s
largest dimension. Stable disease (SD) was defined as insufficient increase or decrease in
tumor size to qualify as PD or PR, respectively. A complete response (CR) was defined as
total disappearance of the primary tumor.

CA 19-9 level

Serum CA 19-9 (normal range 0-37 U/mL) was measured before and after treatment.
Patients in whom CA 19-9 was measured as <1 U/mL both before and after treatment were
defined as nonproducers.

Preoperative Therapy and Surgery

Preoperative therapy was administered as part of a clinical trial protocol in some patients,
and all treatment decisions were made by a multidisciplinary team. Several preoperative
treatment regimens were used. Patients received external-beam radiation therapy (total dose,
50.4 Gy over 6 wk or 30 Gy over 2 wk) with concurrent 5-fluorouracil, capecitabine, or
gemcitabine, or stereotactic body radiation therapy over 5 days without a radiosensitizer.
When both systemic chemotherapy and (chemo)radiation were used, chemotherapy was
administered first. Within 4 to 8 weeks of completing preoperative therapy, patients were
clinically and radiographically restaged. Patients with no evidence of PD and with adequate
performance status were considered for surgical resection and underwent
pancreatoduodenectomy, distal pancreatectomy, or total pancreatectomy, which were
performed using standardized techniques.2

Histopathologic Analysis

Gastrointestinal pathologists used a standardized protocol to evaluate all surgical specimens.
22 R1 margin status was defined as evidence of cancer cells at the inked bile duct or
pancreatic parenchymal margin, or within 1 mm of the superior mesenteric artery margin.
Histopathologic response to preoperative therapy was measured as the percentage of residual
viable cancer cells within the treated tumor bed or entire resected pancreas if no tumor bed
was grossly identified.623 A pMR was defined as <5% residual viable cancer cells, a
definition that included pCR.® The pretreatment cytopathology specimen of each patient
who experienced pCR was rereviewed.

Postoperative Therapy and Follow-up

After resection, individual patient and tumor characteristics determined the need for and
type of postoperative therapy. Patients were typically evaluated every 3 to 4 months at first
and then every 6 months with cross-sectional imaging, physical examination, and CA 19-9
analysis.?4
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Statistical Analysis

RESULTS

RECIST

Clinical, demographic, and pathologic variables were compared between patients who did
and did not experience pMR. Continuous data were expressed as median and range, whereas
categorical data were expressed as frequencies and percentages. Continuous variables were
compared using a ftest if normally distributed and a nonparametric Mann—Whitney U'test if
not. Categorical variables were compared using Pearson X2 (or Fisher exact test when
appropriate). Possible associations between demographic and clinical factors and pMR were
evaluated using univariable and multivariable logistic regression modeling. Due to possible
collinearity between PR (as defined by RECIST 1.1) and %A, we developed 2
multivariable models and included each radiographic metric independently as a covariate.
Clinical factors that had a £< 0.2 on univariable analysis and those that had potential
clinical importance (including radiotherapy) were included in each model. A receiver-
operating characteristic curve was constructed for %A, and pMR, and the area under the
curve was calculated. Overall survival was calculated from the date of diagnosis to the date
of death or last follow-up using the Kaplan—Meier method, whereas disease-free survival
was calculated from the date of surgery to the date of disease recurrence or last follow-up.
Both were compared using the Mantel-Cox log-rank test between patients who did and did
not experience pMR. Statistical analyses were performed using SPSS, version 24.0 (SPSS
Inc), and Pvalues <0.05 were considered significant. P values were 2-sided.

A total of 290 patients were included in the analysis. Among them, 28 (10%) patients
experienced pMR, including 9 (3.1%) patients who experienced pCR. The remaining 262
(90%) patients had >5% viable cells in the surgical specimen. Within a mean follow-up
period of 34 months, the median disease-free and overall survival durations of patients who
experienced pMR were longer than that of patients who did not (disease-free: not reached vs
15 mo, P< 0.01; overall: not reached vs 38 mo, P< 0.01; Fig. 1). The median overall
survival duration of patients who experienced pMR, but not pCR, was likewise longer than
that of patients who had =5% residual cancer cells in their surgical specimen (P< 0.01).

Clinical characteristics of the study population are reported in Table 1. Patients received
chemotherapy alone (n = 36; 12%), (chemo)radiation alone (n = 87; 30%), or both (n = 167,
58%) before resection. The majority (n = 155; 76%) of patients who received systemic
chemotherapy were treated with 5-fluorouracil, leucovorin, oxaliplatin, and irinotecan
(FOLFIRINOX) and/or gemcitabine plus nanoparticle albumin-bound paclitaxel. Patients
who experienced pMR were similar to those who did not in terms of sex, age, body mass
index, type and duration of preoperative therapy, tumor site, radiographic stage, and type of
pancreatectomy. Among histopathologic variables, patients who experienced pMR had a
smaller median tumor diameter (0.5 vs 2.9 cm; £< 0.01) and a lower rate of positive lymph
nodes (7% vs 55%, P < 0.01) than patients who did not.

No patient experienced RECIST CR. Among 63 patients with RECIST PR, 216 patients
with RECIST SD, and 11 patients with RECIST PD, respectively, 17 (27%), 11 (5%), and O
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(0%) experienced pMR (P < 0.01). Notably, no patient who experienced pMR had RECIST
PD, although 11 (39%) had RECIST SD.

Tumor Volume

Among 251 (87%) patients whose tumor volume decreased after preoperative therapy, 27
(11%) experienced pMR. Among 39 (13%) whose tumor remained stable or increased in

volume, only 1 (3%) experienced pMR (Table 2). The median %4, among patients who
experienced pMR was significantly higher (indicating a greater reduction in volume) than
that of patients who did not (68% vs 34%; £< 0.01).

The receiver-operating characteristic curve relating %A, and pMR is illustrated in Figure 2.
The area under the curve was 0.815. A %A, cutoff of 55% simultaneously maximized
sensitivity (79%) and specificity (75%) for pMR. A pMR was observed in 22 (24%) of 90
patients who had a %A, of 55% or more and 6 (3%) of 200 patients who did not (P< 0.01;
Table 2).

Tumor Attenuation

No difference between patients who did and did not experience pMR was observed in the
median change in attenuation that occurred in association with preoperative therapy (P=0.1;
Table 2).

Tumor-Vessel Interface

Only 26 (9%) patients had an improvement in the superior mesenteric vein/portal vein
interface and 12 (4%) in the superior mesenteric artery/celiac artery/common hepatic artery
interfaces; among these, 9 (35%) and 2 (17%) experienced pMR, respectively (Table 2).
Notably, no patient who had progression in either venous or arterial TVI experienced pMR.

CA 19-9 Level

The median posttreatment CA 19-9 level of patients who experienced pMR was
significantly lower than that of patients who did not (17 vs 30 U/mL; P< 0.01; Table 2).

Twenty-one (75%) of 28 patients who experienced pMR had an elevated pretreatment CA
19-9 level (median 135, range 38-8947 U/mL). Among them, CA 19-9 declined to within
the normal range in 20 (95%); the remaining patient had a CA 19-9 level 50 U/mL after
treatment. Of the 7 (25%) patients who experienced pMR and had a CA 19-9 level within
the normal range before treatment (2 of whom were nonproducers), all had a CA 19-9 level
that remained normal after treatment.

Sixteen (33%) of 49 patients and 21 (32%) of 66 patients who had a RECIST PR or %4,
of =55%, respectively, and also had a posttreatment CA 19-9 within the normal range
experienced pMR.
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Univariable and Multivariable Analysis of Potential Serologic and Radiographic Predictors

of pMR

On univariable and multivariable logistic regression, posttreatment CA 19-9 level (OR 0.97,
95% Cl, 0.95-0.99; £< 0.01) and RECIST 1.1 PR (OR 5.78, 95% ClI, 2.46-13.59; P< 0.01)
were independently associated with pMR (Table 3). In an alternate model constructed to
address concerns of collinearity between tumor volume and RECIST response, %A, Was
also independently associated with pMR (OR 1.05, 95% Cl, 1.03-1.08; £< 0.01; Table 4).

DISCUSSION

We previously showed that a pMR to preoperative chemotherapy and/or (chemo)radiation,
defined as <5% residual viable tumor cells in the pancreatectomy specimen, is associated
with prolonged disease-free and overall survival after pancreatectomy.5:2° In this study, we
evaluated the associations between various potential clinical measures of therapeutic
response to preoperative therapy for PDAC and the objective and clinically relevant endpoint
pMR. We found that the posttreatment CA 19-9 level was negatively associated with the
likelihood of pMR, and RECIST PR and a reduction in tumor volume were both positively
associated with the likelihood of pMR. Approximately one-third of patients who had both a
posttreatment CA 19-9 level within the normal range and either RECIST PR or a reduction
in tumor volume of 55% experienced pMR. Conversely, pMR was extraordinarily unlikely in
the absence of a posttreatment CA 19-9 within the normal range or a reduction in tumor
volume with therapy. These findings suggest the potential for routine clinical metrics to be
used in real time to help guide the delivery of preoperative therapies according to the
likelihood of a meaningful therapeutic response.

Although RECIST reflects therapeutic efficacy (or lack thereof) in other cancer treatment
settings, the utility of these criteria in the preoperative setting for PDAC has been
challenged. Specifically, several studies have shown that radiographic response does not
accurately portray whether or not pancreatic tumors will be amenable to resection after the
administration of preoperative therapy.12-13.26 |n this setting, radiologic assessment may lead
to underestimation of the possibility of resecting a tumor to negative margins. This lack of
accuracy may be due to the peculiar nature of the tumor stroma in PDAC, which is
associated with a persistence of fibrotic tissue—even after the destruction of cancer cells—
that prevents the tumor from shrinking.2” We previously reported that among 129 patients
treated with preoperative therapy for borderline resectable PDAC, only 15 (12%)
experienced RECIST PR and the tumor of only 1 (0.8%) patient was downstaged to
resectable; nevertheless, 85 patients (66%) underwent resection, 81 of whom had negative
margins.12 For this reason, therapeutic decision making has historically focused on the
detection of disease progression—typically expressed by the interval identification of
radiographically evident metastases—as opposed to disease regression in response to
effective therapy. As a consequence, patients who do not show signs of overt progression are
at risk for receiving prolonged courses of ineffective and therefore unnecessary treatments,
thereby delaying resection. Conversely, patients are also at risk for being inappropriately
labeled as “well-selected” for aggressive, albeit technically possible, surgical procedures
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unlikely to lead to long-term survival—merely due to absence of overt disease progression
during treatment.

A clinically significant pathologic response to preoperative therapy for PDAC is associated
with a median survival duration well beyond 5 years, but a major limitation of this metric is
that it can only be measured after the completion of resection.8 One small study previously
explored the potential relationship between radiographic parameters and pathologic response
in the setting of PDAC.28 Among 38 evaluated patients, no correlation between radiographic
and pathologic response could be established. However, 7 (26%) of 27 patients who did not
experience RECIST PR or RECIST CR had an Evans grade I1B or greater pathologic
response. That a grade I1B response (in contrast to pMR) does not appseem to have
prognostic significance notwithstanding,2® these results led the authors to conclude that
surgery should not be withheld in the absence of RECIST response.

Our data clearly show that the overall base rate of a clinically meaningful pathologic
response after preoperative therapy is only 10%. And, in the absence of a radiographic or
serologic response, the likelihood of a pMR is extraordinarily unlikely: only 1 patient whose
tumor volume did not decrease with preoperative therapy experienced pMR, and only 1
patient who had an elevated CA 19-9 after treatment (a patient whose tumor volume did
decrease by 91%) experienced pMR. Absence of a clinical response should not necessarily
preclude resection in an otherwise appropriate candidate, as absence of pMR does not
exclude the possibility of prolonged survival. However, it may justify a more conservative
approach in some patients, such as those in whom the risk: benefit profile associated with
surgery is skewed toward risk. Surgery might be less appropriate, for example, for a frail or
otherwise “high risk” patient whose tumor volume did not change at all during preoperative
therapy (likelihood of pMR: 3% in this series) than one who experienced both RECIST PR
and had a normal posttreatment CA 19-9 level (likelihood of pMR: 33%).

That radiographic and serologic metrics may serve, at least to some degree, as a readout of
pathologic response also suggests the potential for such data to help inform the delivery of
preoperative therapy. Systemic chemotherapy, for example, is routinely delivered in the
absence of overt disease progression and, given increasing interest in “total neoadjuvant
therapy,” may be delivered continuously for a duration as long as 6 months or more.2% Our
data support the conduct of interval, sequential disease staging that could allow for earlier
modifications of the preoperative strategy to be at least considered.

In our study, we focused on metrics that are easily measured in the course of routine clinical
practice, including CA 19-9 and radiographic changes in tumor volume, tumor attenuation,
30 and TVI120, Importantly, however, novel radiomic and serologic predictors of response are
also actively being investigated. For example, Amer et al recently evaluated 4 cohorts of
patients and showed that in each the change in the radiographic interface between tumor and
adjacent pancreatic parenchyma that often occurred in association with chemoradiation was
associated with outcome.31 Moreover, in 1 of the cohorts, patients who met criteria for a
radiomic response had a greater likelihood of achieving a pMR or pCR (21% vs 0%, P=
0.01). In another study of a potential serologic marker, Bernard et al calculated the fraction
of mutant KRAS in circulating exosomal DNA and found that an increase was associated
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with disease progression (2= 0.003).32 These novel biomarkers reveal the high potential for
longitudinal monitoring and the use of real-time radiographic or circulating biomarkers to
direct therapy.

The primary limitations of this study are related to its retrospective and single-institution
design of patients who all underwent resection. For example, 88% of the patients were
treated with (chemo)radiation before surgery, but the role of radiation in the preoperative
setting for pancreatic cancer is undefined, and so it may not be administered to all patients in
all centers. We included radiotherapy in the multivariable models to control for the potential
effects of its use. Also, the mean follow-up in this study was relatively short as a
consequence of our decision to include more patients treated with chemotherapy regimens
that are now routinely prescribed in the preoperative setting. However, it is interesting to
note that in this series of patients who underwent resection between 2010 and 2018 and of
whom 76% received FOLFIRINOX or gemcitabine plus nanoparticle albumin-bound
paclitaxel, only 10% of patients experienced pMR and only 3.5% experienced pCR.
Contrary to what might be expected, these rates are strikingly similar to the rates calculated
in our previous analysis of patients treated between 1990 and 2015 (13.2% pMR and 3.9%
pCR), among whom only 12% of patients received those drug regimens.® It is, however,
interesting that the pCR rate calculated herein is somewhat lower than the 10% rate observed
in a recent study of 186 patients with borderline resectable or locally advanced PDAC
treated with preoperative therapy,33 a study in which the median overall survival duration of
patients who experienced a “near complete pathologic response” was not found to differ
from that of patients in whom pathologic response was less robust. The latter of these
differences may relate to a difference in definition; in that study, a “near complete pathologic
response” was assigned to any primary tumor that measured <1 cm and was not associated
with nodal metastases. Finally, here we evaluated RECIST, the clinical use of which is not
widespread in this setting. However, RECIST is an important, standardized, and
reproducible classification system that is used to report and compare response rates to
therapy in most prospective clinical trials. Because RECIST is limited as it relies upon 2-
dimensional measurement of maximum tumor diameter and uses a fixed cutoff of 30% to
discriminate between SD and PR, however, we also evaluated 3-dimensional change in
tumor volume as a potential measure of pathologic response.

The aforementioned limitations of the study should be acknowledged in the context of its
strengths, which include its large sample size, rereview of all imaging by a single, nonbiased
investigator, and use of a validated pathologic endpoint that we previously found to have
profound clinical significance—as opposed to survival, which may be influenced by factors
independent of the effects of preoperative therapy.’:8

In conclusion, we found an association between both posttreatment CA 19-9 level and
radiographic metrics and a clinically significant pathologic response. Future studies should
focus on easily measured radiomic and serologic markers to facilitate the individualized
treatment and optimize the treatment outcomes of patients with localized PDAC.
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FIGURE 1.

Overall survival of patients with pancreatic ductal adenocarcinoma who underwent
preoperative therapy, stratified by pathologic major response (pMR).
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FIGURE 2.
Area under the receiver operating characteristic (ROC) curve (AUC) relating the change in

tumor volume after preoperative treatment (%4,)) and pathologic major response (AUC =
0.81). The optimal cutoff for change in tumor volume (%A,) indicating a pathologic major
response was a decrease of 55% (sensitivity = 78%, specificity = 75%).

Ann Surg. Author manuscript; available in PMC 2022 April 01.

1.00



Page 14

Perri et al.

a)1s Jown]

(8 zz (2R (8) €z paoueApe AJ[eao]

(z€) €8 (6€) TT (2€) v6 a|qe108sal auljlaplog

g0 (09) L6T (29) 91 (09) €21 a|qe1oasay
abeys olydesBoipey

(1) ve e (e1) 9 BUON

(L) 61 (20 (1) oz 148s

(29) 8vT (s1)1e (85) 691 suonoely 8z/A9 05

€0 (€2) 19 D v (z2) 59 suonaely 0T/A9 0g
3sop uonelpey
€0 (€1-€) G (e1-v) 9 (e1-€) 5 (aBues) uerpaw ‘s31242 o 0N

et 0 (et Jayio

(91) 62 (0e) 9 (L1) s SIQWe9

(s2) ov (one (e2) 8y e IE)

@11 0 (C)R) VW9 + XONIYI4104

10 (ov) v8 (09) 2T (Lv) 96 XONIYI4104
adA) Adesayrowsyd

(0€) 62 (62) 8 (0g) 28 Auo 1y

(e7) ve (e (er) 9¢ Ajuo owayd

90 (29) 6¥T (¥9) 81 (89) 91 1Y + owsayd
ad/A1 Adesayy anneladoaid
g0 (9v-81) L2 (ve-61) L2 (ov-81) L2 (abBues) uerpsw ‘IINg
600 (88-5¢€) 59 (62-8¢) 29 (88-5¢€) v9 (ebuey) ueipsw ‘sisoufelp je 96y

(99) LvT (68) 1T (9v) 85T aleN

800 (¥¥) GTT (19) LT (¥S) eeT aewa
X3S
d (06)z9z=0N (0T)8z=S9A (062 = N) (%) ON ‘fer0L aI1s1e1R YD

(%) ON ‘dd

OVvdd 10} Adesay aaneiadoald Jayy (S]18D 480ue) [enpisey %SG<) 10N pId OYM
3soy_L pue (S[18D Jaaued [enpisay %S> ‘HINd) asuodsay o160joyied Joley e paousiiadx3 OYAA Siuslled JO 8]1401d d160joyled pue ‘eatul)d ‘alydesbowsq

‘T31avl

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Ann Surg. Author manuscript; available in PMC 2022 April 01.



Page 15

Perri et al.

‘pauodal 10U “4/N ‘apou ydwA| ‘N7 ‘Awolosieasoued [e10] ‘q1 ‘Awolosrealsoued [elsip ‘dQ ‘Awoldsusponporealoued ‘qd ‘Adesayioipes Apoq o119e108.8]s ‘1 HgS ‘uneldsio pue auiqelowab
‘sIowia9 ‘Jexelijoedgeu pue aulqenowsh ‘qywao ‘uedsjounl pue ‘uie|difexo ‘ulloAodNa] ‘[19eIn0Ion}-S ‘XONIYI4104 ‘Adelayiolpes ‘1Y ‘Adessyiowayd ‘oway) ‘xapul ssew Apoq sarealpul [ING

Author Manuscript

(01) 52 818 (01) 02
(v2) v9 0 (zZ2) v9
100> (99) €21 (z8) €2 (89) 96T
100> (501-0)62 (8-0) 50 (5'01-0) 82
80 (59-1) 12 (¥v-9) 12 (59-1) 12
(59) v¥T Wz (09) 9T
100> (sp) 81T (6) 92 (09) vT
(€2 0 ©) 2
(91) 2w (12) 9 (91) 8%
S0 (18) €12 (62) 2z (18) 52
(91) 2w (62) 8 (1) 05
600 (¥8) 022 (t2) oz (e8) ovz

d/N
aANIsOd
anebaN
snieis o
wo ‘(abued) ueipaw ‘az1s Jowin
(abuel) uelpaw ‘paulwexa SN
anIsod
aniebaN
snyels N
dl
dd
ad
Awoyoarealoued Jo adAL
Irey/Apog
PesH

d (06)29z2=0N (0T)8z=SeA (062 = N) (%) ON ‘[eI10L
(%) oN ‘4 Ind

a1Is1,e10e RRYD

Author Manuscript Author Manuscript

Author Manuscript

Ann Surg. Author manuscript; available in PMC 2022 April 01.



Page 16

Perri et al.

JVdd 104 Adetsy] saneladoaid Jayv (S[18D Jaaued [enpisay %S> ‘HIAd) asuodsay o160j0yied Joley JO SILIBIA 8]q1SS0d 2160]048S pue diydelfoipey

Author Manuscript

100> (ev) 60T (20 (se) 01T (w/n Le<) payens|3
[9A3] 6-6T VO JUaLIBaINSOd
100> (esT'T-T) 0€E (05-1) LT (2ST'T-T) 62 Tw/N ‘(abues) uelpsw ‘66T WO JUSWIR3INSOd
ouaw a1bojolss
(¥) oT e (v)et Juswanosdw|
(e6) vve (e6) 92 (e6) 022 abueyo oN
80 (e)8 0 (e)8 uoissaifoid
80eLIRIUI VO/VHO/VINS
(YDA (ce) 6 (6) 92 uswanodw|
(28) L2z (89) 61 (s8) ovz abueyd oN
100> (L) st 0 (9) 8T uoissaifoid
20BLIBIUI Ad/ANS
¥ 9JeLIglul |8sSaA-lowin]
(92) 89 (62) 22 (te) 06 SOA
100> (L) v6T (T2) 9 (69) 002 ON
BWINJOA Paseallap 9562
100> (%86+ 01 %GY2-) %rE  (%86+ 01 0) %89  (%86+ 0} %SYZ—) %8E (aBues) uerpaw ‘|oAQ%
(98) vez (96) L¢ (28) 152 SOA
70 (¥7) 8¢ (20} (e1) 6E ON
JWNJOA Jown) pasealdad
70 (eL+0168-) 0 (68+ 01 6€-) G (68+ 01 6€-) 0 NH ‘(aBuel) Uelpaw uolrenuaye Jo asealou|
W) 11 0 W) 11 ad
(82) soz (6e) 1T (¥2) 912 as
(81) 9 (t9) L1 (c2) €9 dd
100> 0 0 0 do
T'T L5103y
sauaw orydesboipey
d (06) 292 =ON (or)8z=s9A (062 = N) (%) ©ON ‘[FeloL JLUBIN

(%) oN ‘dInd

Author Manuscript

‘¢31avl

Author Manuscript

Author Manuscript

Ann Surg. Author manuscript; available in PMC 2022 April 01.



Page 17

Perri et al.

"UOIIRDIISSE[O JOMO] 0} UOIRIIISSe]D JayBiy woly uonelBiw Aue :uswsaoidul (uo1edlISse|d JayBiy 01 UOHEIILISSE|D J8MO] WOy uonelBiw Aue :uoissalbold

"UOISN|290 “(30UBIBJUNDIID BY) JO S831BBP O8T<) JUBWASEIUS ‘(32UBI3HWINDII U} JO S3aIGapP O8TS) JSLINGR 19BIL0D OU :UOIIRINI[ED 30RLIBIUI [9SSBA-JOWN] 1O} SUOITRINISSe|D
v

Author Manuscript

"UIBA 01J3)UsaW J011adns ‘ANS ‘Alalie dLIBIuasaW Joadns ‘NS ‘aseasip a|gels ‘gs ‘UIsA
leniod ‘Ad ‘asuodsal [ened ‘4d ‘aseasip anissaifoid ‘ad ‘esuodsas a1ajdwiod ‘4D ‘Aisne onreday uowwod ‘YHD ‘6—6T Uabiiue Jaoued ‘6—6T WD ‘Alale 21132 ‘D ‘awnjoA down) ul abueyd sajeaipul 10Ayoy,

W) 1T e () et passaldxa 10N

Mz 0 Mz PaleAs|a 0] [BWION

(z2) 95 (81) S (t2) 19 [BLLIOU O} [BWLION

(tv) 80T (DN (8¢) 60T Ppajenals 0} pajens|y

100> (ze) a8 (t2) 0z (9¢) sot [ewou 0} patens|3

13A8] 6-6TVD Ul aueyD
W) 1T e () et passaldxa 10N
(¥S) zvt (68) 52 (85) 291 (lw/n LeS) rewioN
d (06) 29z =ON (or)8z=s9A (062 = N) (%) ON ‘feloL QLB

(%) ON ‘dd

Author Manuscript

Author Manuscript

Author Manuscript

Ann Surg. Author manuscript; available in PMC 2022 April 01.



Page 18

Perri et al.

Author Manuscript

'31qeatjdde Jou ‘WN ‘6—6T uabliue Jaoued ‘6-6T WD ‘Xapul ssew Apog ‘|G ‘swnjoA Jjown) ul sBueyd sayealpul 104y,

100> (£0T-€0'T) S0'T g%
20 (¥9'€-99°0) ¥9'T uorenuaye uj asealou|
100> (65°€T-97'2) 8L'S 100> (T5'91-81°¢) G2'L asuodsal [ened 15103y
200 (66'0-G6'0) L6'0 100> (66'0-56'0) L6'0 6-6T VO usWieainsod
7’0 (e57€-500) v¥'0 paoueape A|[eaoT]
S0 (€6'2-L5'0) 0E'T a|qe1o8sal aullaplog
[souaiayey] T 9]qe109s9y
abeys olydesBoipey
90 (LT'1-16'0) €0'T 81040 J0 JaqUINN
7’0 A\ €0 (e5'8-v'0) €6'T Adesayrorpey
€0 (¥0'1-680) 96'0 Ing
€0 WN 900 (00'1-26°0) 96°0 sisoufelp ye aby
20 A\ 600 (z1'1-€2°0) 05°0 Xas a[eN
d (1D %S6) 011y SPPO ‘dIqe!l AN N d (1D %656) 0172 SPPO ‘d|geleAlun sJopIpa.id

asuodsay a160]joyred Jole|A Jo s10101pald anneladoald Jo SIsAjeuy uolssaifay onsiBo ajgeLIieAR NN puUR ajgeLieAlun

‘€31avl

Author Manuscript

Author Manuscript

Author Manuscript

Ann Surg. Author manuscript; available in PMC 2022 April 01.



Page 19

Perri et al.

"a|qeatjdde J0u “wN ‘6°6T uabnue 1soued ‘66T WO Xapul ssew Apog ‘|G ‘ewnjoA Jowny ui abueyd sayeaipur [0Ayy,

100> (80'T-€0T) S0'T 100> (L0'1-€0T) S0'T 1°'v96
20 (¥9'€-99'0) ¥9'T UoITeNUANE Ul 8SeaIou]
100> (T5'91-8T°€) 5L asuodsa [enued 151034
200 (66'0-56'0) 26'0 100> (66'0-G6'0) £6°0 6-6T VO Judwiesnsod
v'0 (€5°€-50°0) ¥¥°0 paoueApe A|[eao
G0 (€62-L6'0) 0E'T a|qe108sal auljlaplog
[souaiayey] T 9]1qe10959Y
abeys o1ydesboipey
90 (LT'1-16'0) €0'T 591940 40 JaquInN
7’0 WN €0 (e5'8-v1'0) €6'T Adesauyporpey
€0 (¥0'1-68'0) 96°0 INg
20 N 900 (00'1-26°0) 96'0 sisouBeip 1e aby
€0 N 600 (z1'1-€2°0) 05°0 Xas 3[eN
d (1D %S6) 017ed SPPO ‘d1qelreAn N A d (1D %S6) 017124 SPPO ‘3|qeleAluN SI0RIPId

Author Manuscript Author Manuscript

sisAJeuy a|qelieAI} NIl 8U} Ul J03o1pald e se (LSIOFY
10 pealsu|) awnjoA Bulispisuo) ‘asuodsay a160joyred Jole| Jo S10101paid anneladoald Jo SisAjeuy uolssaifay ons1Bo ajgeLIieAlR NN puUR ajgeLieAlun

v 31avl

Author Manuscript

Author Manuscript

Ann Surg. Author manuscript; available in PMC 2022 April 01.



	Abstract
	METHODS
	Radiographic Review
	CA 19–9 level
	Preoperative Therapy and Surgery
	Histopathologic Analysis
	Postoperative Therapy and Follow-up
	Statistical Analysis

	RESULTS
	RECIST
	Tumor Volume
	Tumor Attenuation
	Tumor–Vessel Interface
	CA 19–9 Level
	Univariable and Multivariable Analysis of Potential Serologic and Radiographic Predictors of pMR

	DISCUSSION
	References
	FIGURE 1.
	FIGURE 2.
	TABLE 1.
	TABLE 2.
	TABLE 3.
	TABLE 4.

