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Prognostic value of tumor shrinkage versus fragmentation
following radiochemotherapy and surgery for rectal cancer
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Abstract Most patients with rectal cancer receive neoadju-
vant radiochemotherapy (RCT), causing a variable decrease
in tumor mass. We evaluated the prognostic impact of patho-
logic parameters reflecting tumor response to RCT, either di-
rectly or indirectly. Seventy-six rectal cancer patients receiv-
ing neoadjuvant RCT between 2006 and 2009 were included.
We studied the association between disease-free survival
(DFS) and the “classical” clinicopathologic features as well
as tumor deposits, circumferential resection margin (CRM),
Dworak regression grade, and tumor and nodal downstaging.
Patients with tumor downstaging had a longer DFS (p=0.05),
indicating a more favorable prognosis when regression was
accompanied by a decrease in tumor infiltrative depth, re-
ferred to as tumor shrinkage. Moreover, tumor downstaging
was significantly associated with larger CRM and nodal
downstaging (p=0.02), suggesting that shrinkage of the pri-
mary tumor was associated with a decreased nodal tumor load.
Higher Dworak grade did not correlate with tumor
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downstaging, nor with higher CRM or prolonged DFS. This
implies that tumor mass decrease was sometimes due to frag-
mentation rather than shrinkage of the primary tumor. Lastly,
the presence of tumor deposits was clearly associated with
reduced DFS (p=0.01). Assessment of tumor shrinkage after
RCT via tumor downstaging and CRM is a good way of
predicting DFS in rectal cancer, and shrinkage of the primary
tumor is associated with a decreased nodal tumor load.
Assessing regression based on the amount of tumor in relation
to stromal fibrosis does not accurately discern tumor fragmen-
tation from tumor shrinkage, which is most likely the reason
why Dworak grade had less prognostic relevance.

Keywords Rectal cancer - Neoadjuvant - Chemoradiation -
Shrinkage - Fragmentation - Tumor response

Introduction

Evidence exists from literature that preoperative radiation with
or without chemotherapy followed by total mesorectal exci-
sion is the standard treatment for patients with locally ad-
vanced rectal cancer [1-3]. Decrease in tumor burden after
radiochemotherapy (RCT) regimen ranges from absence of
any treatment effect to a pathologic complete response
(pCR). Various systems have been developed specifically for
the assessment of residual tumor burden, and they can be
classified into two main categories, namely stage based and
cellular based. The former focuses on the stage shift in the
treated specimen and includes tumor (T) and nodal (N)
downstaging, while the latter is based on the amount of resid-
ual viable tumor in relation to remodeling fibrous tissue in the
rectal wall [4—12]. A number of studies have consistently
demonstrated the prognostic relevance of downstaging,
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whereas that of cellular-response grading has been an issue of
much discussion [4, 7-9, 12—-15]. Besides the
abovementioned grading methods, other features such as cir-
cumferential resection margin (CRM) and extramural tumor
deposit (TD) may indirectly reflect tumor response to RCT.
The CRM status, i.e., positive or negative, has repeatedly been
demonstrated to be the best predictor for local recurrence and
disease-free survival (DFS) after preoperative RCT and sur-
gery, and one would expect that a considerable decrease in
tumor burden would be associated with a larger CRM
[16-18]. Although the association of TD with unfavorable
prognosis has been confirmed in many colorectal cancer stud-
ies, none of them looked at the prognostic value of TD after
preoperative RCT [19-23]. Nagtegaal and Quirke [24] and
Quirke et al. [25] regarded the presence of residual
“microfoci” or tumor deposits as a good response to preoper-
ative RCT; they speculated that the presence of TDs in this
setting might have resulted from fragmentation of the ad-
vanced primary tumor (cT>3), creating separate tumor nod-
ules of various sizes and shapes in the mesorectum. To date, it
remains unclear which pathologic features associated with
tumor load constitute the most reliable predictors of response
to neoadjuvant therapy [17, 26-28].

The aim of this study was to evaluate both the prognostic
impact of and the associations among all pathologic parame-
ters reflecting residual tumor burden after preoperative RCT,
either directly or indirectly. To the best of our knowledge, this
is the first study which examines the prognostic value of all
these parameters in a neoadjuvant setting within one study
population.

Materials and methods
Patients

This study consisted of 76 consecutive patients with locally
advanced (cT3—4 or/and cN+), histologically proven adeno-
carcinoma of the rectum registered between November 2005
and August 2009 at the Ghent University Hospital. Patients
with tumors limited to the wall (cT2) of the distal third of the
rectum, i.e., lower margin<6 cm from the anal verge, were
also included in the study. No patient had metastatic disease at
the time of surgery. Rectal tumors were defined as those of
which the distal edge was seen at 15 cm or less from the anal
verge. Preoperative staging of the tumors was done using en-
doscopic ultrasound, CT, and/or MRI.

Preoperative chemoradiation therapy regimen
Of the 76 patients who all received preoperative radiotherapy,

72 also received preoperative chemotherapy. The radiotherapy
regimen consisted of 45 Gy in 25 fractions of 1.8 Gy with 18
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or 25 MV photons. Patients were treated once daily, 5 days a
week for 5 weeks. Three patients with a T3NO tumor higher
than 7 cm from the anal verge received 39 Gy in 13 fractions
of 3 Gy, without chemotherapy. One patient received 25 Gy in
five consecutive fractions of 5 Gy for a T3NO tumor.
Concerning chemotherapy, 68 of the 72 patients received 5-
fluorouracil (5FU) either as a bolus injection in week 1 and
week 5 of the radiotherapy or as a continuous infusion, and the
remaining four patients were included in a study protocol in
which they received cetuximab in combination with radiother-
apy or SFU and oxaliplatin prior to chemoradiotherapy with
SFU.

Surgery

Rectal excision was performed between 6 and 8 weeks after
the end of preoperative RCT. The inferior mesenteric vessels
were divided at 1 cm from their origin, and the splenic colonic
flexure was routinely mobilized. The rectum was defined as
follows: low rectum (0 to 5 cm from the anal verge), mid
rectum (5 to 10 cm), and high rectum (10 to 15 cm). In mid
and lower third tumors, a nerve sparing total mesorectal exci-
sion was performed (TME) consisting of sharp dissection be-
tween the visceral and parietal layers of the mesorectal enve-
lope up to the level of the pelvic floor musculature [29]. De-
pending on invasion or proximity of the sphincter apparatus, a
rectal amputation, a circular end-to-end stapled anastomosis,
or a pull through with colo-anal, anastomosis was performed.

Pathologic assessment
Macroscopic examination

Unopened, unpinned, fresh specimens were sent to the Pathol-
ogy Department of Ghent University Hospital for examination
following the guidelines by Quirke et al. [30]. The quality of
the mesorectum was assessed. Then, the non-peritonealized
areas of the specimens were inked, and the specimens were
measured and cut open along the anterior aspect from the top,
leaving the bowel intact at a level just above the peritoneal
reflection. After placing loose, formalin-soaked gauze wicks
into the unopened segment of the rectum, we left the speci-
mens in formalin for at least 72 h. After fixation, the unopened
segment was sliced transversely at 4 to 5 mm intervals in order
to identify the area of deepest invasion. Suspicious lesions
were sampled in five blocks, one of which included the tran-
sition zone from the tumor to normal rectal mucosa, and the
other contained the deepest invasion of the tumor where it was
closest to the CRM. When no obvious tumor was found gross-
ly, the entire scarred area was embedded. Finally, a rigorous
search of regional lymph nodes and other suspicious
mesorectal nodules was performed.
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Microscopic examination

Histologic sections were reviewed simultaneously by two ob-
servers (MH and LL). Histopathologic assessments included
ypTNM stage according to the 5Sth edition of the tumor node
metastasis (TNM) classification system [31], tumor differenti-
ation grade according to the WHO classification [32], CRM
according to Quirke [30], and lymphovascular (LVI) and peri-
neural invasion (PNI). We did not take into account acellular
mucin pools in assessing ypT stage. In other words, when no
viable tumor cells but only acellular mucin pools were found
after rigorous microscopic examination, the cases were classi-
fied as ypTO. The CRM was measured in millimeters from the
outermost part of the tumor to the lateral resection margin. The
evaluation of extramural tumor deposits was done in two sep-
arate ways because of the disparity among TNMS [31], TNM6,
and TNM7 [33] regarding their classification. Quirke recently
criticized the changes in TD classification and suggested that
the new classifications were not better than the ones used in the
TNMS, particularly in terms of reproducibility [34]. In this
study, TDs were defined as groups of extramural tumor cells
which, regardless of size and shape, were discontinuous from
the main tumor mass and not organized in recognized lymph
node structures (i.e., presence of lymphoid follicles or subcap-
sular sinuses) or vascular spaces. The first method of TD eval-
uation in this series was based on the 3-mm rule proposed in the
TNMS [35]. That is, all extramural discontinuous tumor nod-
ules from the primary tumor were included in the ypT category
if they measured <3 mm, while those measuring >3 mm were
considered as invaded lymph nodes (ypN category). In the
second method, TDs were included neither in the ypT nor in
the ypN categories, and their presence, size, and number were
recorded separately. Lymph node ratio (LNR) was also calcu-
lated and defined as the ratio of metastatic to totally examined
lymph nodes. T downstaging was defined as ypT<cT, and N
downstaging was recorded when cN+ became ypNO. Cases
clinically staged as NO were not included in the assessment of
N downstaging. The degree of tumor regression was recorded
based on Dworak’s regression system as follows [7]:

—  Grade 0: no regression

— Grade 1: dominant tumor mass with obvious fibrosis

— Grade 2: dominantly fibrotic changes with a few tumor
cells or groups (easy to find)

—  Grade 3: very few (difficult to find microscopically) tumor
cells in fibrotic tissue with or without mucous substance

— Grade 4: no viable tumor cells (complete response)

Statistical analysis

The correlation of selected clinical and pathological variables
with disease-free survival was calculated using univariate Cox

regression analysis, calculating the hazard ratio, and associat-
ed 95 % confidence intervals. Variables analyzed were as fol-
lows: cT, cN, ypT (tumor limited to the rectum wall, ypT0-2
versus advanced tumor stage, ypT3—4), ypN, differentiation
grade (good and moderate versus poor and mucinous), PNI,
LVI, CRM, T downstaging, N downstaging, LNR, TDs, and
Dworak regression grading. Continuous variables were
expressed as mean+SD. To determine the best cutoff value
for CRM, the p value from a log-rank test comparing CRM <
cutoff with CRM>cutoff was calculated for every possible
cutoff value between 1 and 5 mm. StatView 5.0.1 statistical
software system (SAS Institute, Inc., Cary, NC) was used for
all analyses. Differences were considered statistically
significant at p<0.05.

Results
Clinicopathologic findings

The cohort consisted of 54 (71 %) male and 22 (29 %)
female patients with a mean age of 61+12. The pathologic
characteristics of the 76 patients are summarized in the ta-
ble. Seventy-two (95 %) patients received concomitant che-
motherapy in addition to preoperative radiotherapy. The
preoperative RCT induced T downstaging in 46 (61 %) of
the 76 patients and N downstaging in 40 (71 %) of the 57
cN+ patients. The mean number of lymph nodes retrieved
was 8+5. CRM assessment was not feasible in five cases,
all of which had tumor above the peritoneal reflection. Dur-
ing a median follow-up period of 20 months (range, 1-
42 months), 19 (25 %) patients developed relapse, with 15
cases of distant metastatic disease only, 1 case of local re-
currence with synchronous distant metastasis, and 2 cases
of local recurrence only. Six patients died of the disease.
Because local recurrence and rectal cancer-related death
were rare, it was not possible to study their association with
pathologic variables.

Correlation of clinicopathologic features with survival

Clinicopathologic parameters and their correlation with DFS
are detailed in Table 1. An increase in CRM correlated signif-
icantly with prolonged DFS (p=0.03), with 4 mm as the best
cutoff value in predicting distant metastasis (p=0.01). Al-
though not statistically significant, patients with advanced
pathologic tumor stage (ypT3—4) or regional lymph node me-
tastasis had a shorter DFS (p=0.09 and p=0.08, respectively).
Furthermore, assessment of LNR showed prognostic rele-
vance, with lower ratio observed in cases with longer DFS
(p=0.03). Patients with T downstaging had a longer DFS
(»=0.05, Fig. 1a). On the other hand, Dworak regression
grade, even after grouped into responders (Dworak grades
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Fig. 1 Actuarial survival curves of tumor downstaging (a) and tumor deposits (b) and their influence on disease-free survival

3—4) and nonresponders (Dworak grades 0-2), showed no
prognostic value in our study (p=0.33). The presence of
TDs was associated with unfavorable prognosis (p=0.01,
Fig. 1b).

Correlation of T downstaging with other tumor response
grading parameters

Given the significant impact of T downstaging on DFS,
the association of the former with the other tumor re-
sponse grading parameters was further analyzed. T
downstaging was significantly associated with N
downstaging (p=0.02), large CRM (p=0.02), and lower
LNR (p=0.04) but not with higher Dworak grade (0-1-2
versus 3). Moreover, higher Dworak grade was not asso-
ciated with an increase in CRM (p=0.88).

Discussion

The standard treatment of locally advanced rectal cancer is
TME following preoperative RCT, the latter resulting in a very
heterogeneous tumor response [1-3]. Inconsistent findings
exist regarding the impact of pathologic features reflecting
residual tumor burden on therapy response [4, 17, 26, 28].
Rullier et al. studied the impact of different methods of
assessing tumor response to RCT and concluded that T
downstaging, and not other regression grading systems, could
influence survival independently [4]. Parallel with this find-
ing, we showed that patients with either ypT <3 or T
downstaging had a longer DFS, indicating a more favorable
prognosis when regression is accompanied by a decrease in
maximum infiltrative depth, referred to as tumor shrinkage. A
wide CRM (cutoff=4 mm) was associated with T
downstaging and a longer DFS, which indirectly supports

Before neoadjuvant RCT

After RCT and surgery

Tumor shrinkage

Fig. 2 Two possible forms of response to preoperative RCT. Preoperative
RCT can result in either shrinkage or fragmentation of the primary tumor.
Tumor shrinkage (a) reflects good response to RCT and is associated with
favorable prognosis since it is associated with larger CRM (long, two-headed

Tumor fragmentation

arrow). If response to RCT takes the form of tumor fragmentation (b), the
patient may have unfavorable prognosis, not only because tumor
fragmentation can generate mesorectal tumor deposits (dotted arrow) but
also because the CRM might still be at risk (short, two-headed arrow)
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the hypothesis that tumor shrinkage reflects a good response
to neoadjuvant therapy since tumor shrinkage increases CRM.
LNR was much lower in patients with T downstaging and
correlated inversely with CRM. Moreover, N downstaging
correlated significantly with T downstaging. Taken together,
these findings suggest that shrinkage of the primary tumor is
associated with a decrease of tumor load in the lymph nodes.
This study confirmed the previously reported close associa-
tion between T downstaging and prolonged DFS [4-6].

While some studies showed that tumor regression mea-
sured with Dworak grading system could predict patient out-
come, other studies did not confirm this finding [4, 7, 8, 15,
36]. An increase in Dworak grade is generally assumed to
refer to a decrease in tumor mass. In our study, however, we
did not find any correlation between Dworak regression grade
and T downstaging. In addition, higher Dworak grade was not
associated with a large CRM. This implies that an increase in
Dworak grade or a decrease in tumor mass is sometimes as-
sociated with tumor fragmentation rather than shrinkage
(Fig. 2). For example, residual small tumor nests might be
scattered throughout the rectal wall and/or mesorectum. In a
study looking at the prognostic value of tumor regression after
RCT, Nagtegaal et al. showed that tumor shrinkage was more
common than tumor fragmentation [18]. The fact that
prolonged DFS was observed in cases with T downstaging
but not in those with higher Dworak grade implies that tumor
fragmentation could weaken the prognostic significance of
this cellular-based response grading.

TDs can represent different types of tumor involvement of
the mesorectal fat, i.e., extreme, destructive form of lymph
node, extramural vascular, or neural invasion. In the neoadju-
vant setting, TDs could also result from fragmentation of the
locally advanced primary tumor (cT>3), leaving isolated
mesorectal islands of carcinoma cells unconnected to the pri-
mary tumor. In this context, Nagtegaal and Quirke and Quirke
et al. considered the presence of TDs as a sign of good re-
sponse to RCT [24, 25]. In contrast, two other studies by Ratto
et al. who looked at the prognostic impact of TDs in rectal
cancer specimen after neoadjuvant RCT showed that this fea-
ture was associated with reduced disease-free and overall sur-
vival [37, 38]. In agreement with the latter studies, we found
that the presence of TDs was clearly associated with poorer
prognosis and that patients with TDs had a much smaller
CRM compared to those without TDs. Moreover, it appeared
that classifying TDs into T or N categories according to the 3-
mm rule was prognostically relevant, despite the fact that the
size criterion was based on unpublished data [24, 34].

To summarize, response to preoperative RCT can take the
form of either tumor shrinkage or tumor fragmentation. In our
study, the patients had better prognosis when RCT induced
tumor shrinkage, characterized by T downstaging. One of
the good prognostic factors associated with tumor shrinkage
is obviously the increased chance of achieving large
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pathologic CRM, while in the case of tumor fragmentation,
CRM might still be at risk despite a high Dworak grade. In
addition, tumor fragmentation constitutes a new origin of
TDs, and their morphologic features were indistinguishable
from those of TDs of other origins.

In conclusion, we have shown that assessment of tumor
shrinkage after neoadjuvant therapy via T downstaging and
CRM has prognostic relevance. Shrinkage of the primary tu-
mor is associated with a decreased nodal tumor load. The
presence of TDs was clearly associated with poor prognosis
and might reflect tumor fragmentation. Assessing regression
based on the amount of tumor in relation to stromal fibrosis
does not accurately discern tumor fragmentation from tumor
shrinkage, which is most likely the reason why Dworak re-
gression grading had less prognostic relevance.
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