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Abstract

Lymph node status is one of the most important prognostic factors in colorectal cancer, and accurate pathological nodal
staging and detection of lymph node metastases is crucial for determination of post-operative management. Current guide-
lines, including the TNM staging system and European Society for Medical Oncology (ESMO) guidelines, recommend
examination of at least 12 lymph nodes. However, identification of an adequate number of lymph nodes can be challeng-
ing, especially in the setting of neoadjuvant treatment, which may reduce nodal size. In this study, we investigated 384
colorectal cancer resections that were processed at our department of pathology between January 2012 and December
2022, in which the number of detected lymph nodes was less than 12 subsequent to conventional preparation of mesocolic
fat tissue. By means of acetone compression, lymph node harvest increased significantly (p <0.0001), and the intended
number of >12 lymph nodes was achieved in 98% of resection specimens. The number of nodal positive cases increased
significantly from n=95 (24.7%) before versus n=131 (34.1%) after acetone compression due to additionally identified
lymph node metastases (p <0.001). In 36 patients (9.4%) initially considered as nodal negative, acetone compression led
to a staging adjustment to a nodal positive category and thereby drove a recommendation to offer post-operative therapy.
In conclusion, acetone compression is a reliable and useful method implementable in routine surgical pathology for the
retrieval of lymph nodes in colorectal cancer specimen, allowing for an adequate lymph node sampling and an increase
in nodal staging reliability.
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Introduction

Colorectal cancer (CRC) is the third most common malig-
nancy and the second leading cause of cancer-related death
worldwide, with approx. 2 million new cases and almost
1 million deaths annually [1]. The main treatment of CRC
is surgical resection of the primary tumor, combined with
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central lymphadenectomy [2, 3]. Lymphatic metastasis
is considered a major prognostic factor for disease recur-
rence and survival in CRC patients [4]. Thus, lymph node
staging remains one of the key criteria to determine post-
operative management and to identify patients requiring
chemotherapy and/or radiotherapy additional to surgery
[5]. Radiotherapy in the pre-operative setting and chemo-
therapy, either applied pre- or post-operatively, are standard
of care in many scenarios, depending on tumor localization
and disease extent. In colon cancer, the current guidelines
recommend post-operative chemotherapy in patients with
stage III disease, defined by the presence of lymph node
metastasis [6], independent of the number of lymphatic
metastases [7, 8]. In stage II colon cancer (T3-T4, lymph
nodes negative), post-operative chemotherapy is considered
only in patients with certain high-risk features, such as a T4
category, lympho-vascular or perineural invasion, positive
surgical margins, undifferentiated histology, surgery under
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emergency conditions, or inadequate sampled lymph nodes
(i.e., number< 12) [9-13].

Compared to colon cancer, rectal carcinomas are
approached therapeutically with certain differences. Due to
the anatomical proximity to pelvic structures and a higher
risk of local recurrence, neoadjuvant therapy is standard of
care in locally advanced rectal cancer [14, 15]. However,
the beneficial impact of post-operative therapy in rectal can-
cer remains controversial [16, 17]. Post-operative chemo-
radiotherapy is usually reserved for low-stage patients who
have not received neoadjuvant treatment, and who are found
to be higher stage after pathological review of the surgical
specimen [18].

The N category in the TNM staging system for CRC is
determined by the number of metastatic lymph nodes as
N1 (1-3 metastatic lymph nodes) or N2 (>4 metastatic
lymph nodes) [6]. TNM staging system and other current
guidelines such as European Society for Medical Oncology
(ESMO) guidelines recommend examination of at least 12
lymph nodes to achieve an accurate staging [6, 11]. How-
ever, the number of lymph nodes retrieved from a surgical
resection specimen is impacted by various factors, such
as age, gender, tumor-specific characteristics (tumor size,
localization, histology, grade), experience of surgeon and
pathologist, and neoadjuvant treatment [19, 20]. In par-
ticular, pre-operative chemoradiotherapy in advanced stage
rectal cancer has shown to diminish the number of lymph
nodes retrieved [21, 22] due to nodal regression and reduc-
tion of lymph node size, which makes their macroscopic
identification more difficult [23].

The conventional preparation method harvesting lymph
nodes comprises manual palpation and dissection of lymph
nodes within mesenteric fat. This may be a time-consuming
procedure and depends on the experience of the individual
examiner. Achieving the target of 12 lymph nodes at a mini-
mum can be challenging in certain patients. In the past, sev-
eral alternative techniques to maximize lymph node yield
in colorectal resection specimens have been introduced
[24]. Some of them, such as complete paraffin embedding
of the entire mesorectal compartment, have proven favor-
able results in the detection of small lymph nodes, but are
associated with considerable additional effort [25, 26].
Acetone compression is an alternate method that decreases
mesenteric fat volume through dissolving fat in acetone
and extracting dissolved fat with compression. Remaining
tissue can be embedded and microscopically assessed for
additional lymph nodes [27-29].

In this study, we analyzed our data from acetone com-
pression in 384 colorectal cancer specimens in which the
required number of 12 lymph nodes was not achieved pri-
orly by conventional manual mesenteric fat dissection. The
aim was to assess the extent to which acetone compression
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increased the number of detected lymph nodes. Further-
more, we addressed the issue of whether lymph node metas-
tases identified by acetone compression led to a revision in
final nodal staging.

Materials and methods
Data

Our department of pathology participates in the ,,Tumor-
zentrum Kantonsspital Winterthur, which is a tumor center
certified by the German Cancer Society (DKG). We investi-
gated a total number of 384 colorectal cancer cases that were
examined at our department of pathology between January
2012 and December 2022. In all these surgical specimens,
the required number of twelve lymph nodes was initially
not achieved by conventional manual dissection, and subse-
quent acetone compression of mesocolic and mesorectal fat
was conducted. Only adenocarcinoma resections of colorec-
tal cancer were included, other tumor types (i.e., gastroin-
testinal stromal tumor, carcinoid tumor) were excluded. The
data analyzed was extracted from PathoWin+, the labora-
tory information system used at our institute comprising all
patient’s data, clinical information, laboratory procedures
performed and final pathology reports.

Manual and acetone compression method

As a first approach, lymph nodes of all surgical specimens
were collected by conventional manual dissection of mes-
enteric fat tissue, comprising thin slicing and careful palpa-
tion of fatty tissue. As the required number of twelve lymph
nodes was not identified macroscopically, subsequent ace-
tone compression was performed. To this, all remaining fat
tissued was fixed in formalin (formaldehyde 4%, Lobeck
Chemie AG, Bad Zurzach, Switzerland) for at least 24 h.
Tissue then was further perforated using a special needle
stamp, followed by incubation in acetone (Artechemis AG,
Zofingen, Switzerland), 1000 ml per 100 g of fat tissue for
24 h at room temperature. Next, tissue was placed on a
paper and squeezed with a rolling pin in order to absorb the
dissociated acetone-fat solution. Remaining tissue was then
mechanically compressed with a manual stamp machine,
and the obtained remnants were completely encapsulated
for paraffin embedding and histology (Fig. 1).

Statistical methods
Statistical analyses were performed using GraphPad Prism

(GraphPad Software, Version 8.0.2). Normal distribu-
tion was tested using the Kolmogorow-Smirnow test. The
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Fig. 1 Acetone compression
method. (A) After standard A
manual lymph node dissection,
remnant adipose tissue was
eluted in acetone for 24 h, with
subsequent mechanical com-
pression using a manual press
[28]. (B) Sliced adipose tissue
before acetone compression and
(C) after fat removal apply-

ing acetone compression. Fat
volume is significantly reduced
and remaining tissue is entirely
embedded in paraffin and submit-
ted for microscopic examination.
(D, E) Microscopically small
lymph nodes of mesocolic fat
tissue with micrometastases

(<2 mm) identified by acetone
compression (HE stain)

differences in number of lymph nodes and metastases found
per specimen before and after AC were compared using the
Wilcoxon signed rank test. Comparison of nodal positive
and nodal negative cases before and after AC was conducted
using the McNemar’s test. Values were considered as sig-
nificantly different when p <0.05. Data are given as means
+/- SD. The figures were created using GraphPad Prism.

Results
Patients’ characteristics
Overall, 384 cases of colorectal cancer were investigated.

255 patients were male (66%) and 129 were female (34%).
Average age was 69.2 (£12.2) years in male and 69.5

(+13.0) years in female patients, respectively. 129 of
tumors were located in the colon (34%), and 255 tumors
in the rectum (66%). 186 patients (48%) received neoadju-
vant treatment prior to surgery. Among those, the majority
(n=172) were treated with neoadjuvant chemoradiother-
apy. 8 patients received pre-operative radiotherapy only, 4
patients received pre-operative chemotherapy only, and in
2 cases, the modality of neoadjuvant therapy could not be
determined retrospectively. Patients’ characteristics and dis-
tribution of T stage are presented in Table 1.

Total detected lymph nodes before vs. after acetone
compression

Conventional manual lymph node dissection yielded a total
of 1828 lymph nodes (average 4.8+3.0 per case). With
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Table 1 Patient and tumor characteristics

Feature Number (Average)
Gender

Male 255 (66%)
Female 129 (34%)
Age (years)

Male 69.2+12.2
Female 69.5+13.0
Tumor site

Colon 129 (34%)
Rectum 255 (66%)
Neoadjuvant therapy

Yes 186 (48%)
No 198 (52%)
T category

(y)pTO 29 (7.5%)
(y)pTis 4(1%)
(y)pT1 49 (13%)
(y)pT2 91 (24%)
(y)pT3 152 (39.5%)
(y)pT4 59 (15%)
No of lymph nodes

Before AC 4.8+3.0
After AC 33.4+14.3

acetone clearance, a total of additional 10’978 lymph nodes
were found, resulting in an average of 33.4 + 14.3 per case.
Thus, a significant increase in the number of detected LN was
achieved by acetone compression (p <0.0001) (Fig. 2A). In
the majority of cases (n=377, 98%), the intended number
of > 12 lymph nodes were successfully achieved, and only 7
resection specimens (2%) remained with less than 12 lymph
nodes identified.

Lymph node metastases before vs. after acetone
compression

Manual lymph node preparation determined a total of 168
lymph node metastases. With AC, 126 additional metastases
were identified. The mean number of lymph node metastases
within nodal positive specimen increased significantly after
acetone compression (1.5+1.6 vs. 2.6+2.3, p<0.0001)
(Fig. 2B).

Two third of metastases discovered by AC affected
patients who underwent neoadjuvant treatment (n=284,
66.7%), and one third of metastases found with AC were
allocated to patients without neoadjuvant therapy (n=42,
33.3%) (Fig. 2C). AC led to an adjustment of nodal staging
in 42 neoadjuvant treated patients and in 27 patients with-
out neoadjuvant therapy (Fig. 2D). However, these differ-
ences between the neoadjuvant and non-neoadjuvant treated
groups did not reach statistical significance.

@ Springer

Effect of acetone compression on N category and
disease staging

N stage distribution before and after AC is presented in
Table 2. Before AC, 289 patients (75.3%) were staged as
nodal negative, whereas 95 patients (24.7%) were nodal
positive. After AC, 253 patients (65.9%), remained nodal
negative, whereas 131 cases (34.1%) were classified as
nodal positive (p <0.001). (Fig. 2E).

Overall, AC and its identification of additional LN
metastases led to a modification in the nodal category in 69
patients (18.0% of total). Among those, 33 patients (8.6% of
total) were already classified as nodal positive before AC,
and additional LN metastases found with AC led to an allo-
cation to a higher N category. 36 patients (9.4% of total)
were initially considered as nodal negative and had to be
re-classified as nodal positive due to LN metastases found
with AC (Fig. 3). Of these, 21 patients (5.5% of total) had
received neoadjuvant treatment.

Discussion

Even though recommendations of an appropriate LN count
vary, current guidelines recommend a minimum number of
12 LN for a reliable LN staging in CRC patients [11, 12,
30-32]. Our study of 384 cases proves that acetone com-
pression method is a very effective technique to achieve a
high lymph node yield, with a 6-7x increase in LN count. In
almost every surgical specimen examined for this study, we
succeeded in detecting 12 or more LN with AC, when prior
manual LN dissection was not effective. Since LN metas-
tases do not depend on lymph node size and may occur in
macroscopically not detectable lymph nodes, examination
of microscopically small LN is valuable [33, 34]. This is
consistent with our observation, since the vast majority
of metastases identified with AC involved microscopi-
cally small lymph nodes (<5 mm) in our study. A fact that
becomes even more relevant in the situation of neoadjuvant
chemoradiotherapy, which is standard care in advanced
stage of rectal cancer, leading to a smaller LN size [2, 35,
36]. Not only us, but others proved that AC does not alter
LN morphology and is especially suited to retrieve small
LN after neoadjuvant treatment [29]. Even though statisti-
cally not significant, additional LN metastasis found by AC
in our study more frequently involved cases after neoadju-
vant treatment than cases without pre-operative therapy.
Lymph node involvement is one of the key prognostic
factors in CRC [5], and LN status is critical for disease
staging. A correlation between the number of lymph nodes
investigated and survival in CRC patients has been shown
previously [35, 37-39]. Accordingly, an insufficient nodal
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Fig.2 Lymph node retrieval
and metastasis identification
through acetone compression.
(A) Average number of retrieved
lymph nodes per specimen

before and after AC. (B) Average
number of detected metastatic
lymph nodes per specimen within
nodal positive cases before and
after AC. (C) Total number of
metastases identified by AC in
non-neoadjuvant and neoadjuvant
treated patients. (D) Number of
non-neoadjuvant and neoadjuvant
treated patients with a nodal stag-
ing adjustment due to AC. (E)
Lymphatic metastases found by
AC led to a significant increase in
nodal positive cases and a signifi-
cant decrease in nodal negative
cases, respectively (p <0.001)
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Table 2 Distribution of N category before and after acetone compres-
sion

N Category
Before AC After AC

(y)pNO 289 (75.3%) 253 (65.9%)
(y)pNla 47 (12.2%) 49 (12.8%)
(y)pN1b 21 (5.5%) 39 (10.1%)
(y)pNlc 11 (2.8%) 18 (4.7%)
(y)pN2a 15 (3.9%) 17 (4.4%)
(y)pN2b 1 (0.3%) 8 (2.1%)

staging may bear the risk of undiagnosed nodal metastasis,
resulting in an erroneous down staging with increased risk
of cancer recurrence and poorer survival outcome [40—43].
In node-positive (stage III) colon cancer, post-operative
chemotherapy has become a standard treatment, and is rec-
ommended in all node-positive patients, irrespective of the
number of LN metastases identified and independent of N
stage (N1 and N2) [7, 44]. In contrast, neoadjuvant therapy
is standard treatment in locally advanced rectal adenocar-
cinoma, and the role of post-operative chemotherapy in
patients who received pre-operative chemoradiotherapy
is controversially discussed [5, 17, 18]. In other words,
the indication for post-operative chemotherapy in colon
cancer is primarily guided by the presence of lymph node
metastasis in the surgical resection, whereas the decision
regarding neoadjuvant therapy in rectal cancer is based on

pre-operative clinical staging, and post-operative therapy is
often not required in rectal cancer. Thus, pathologic lymph
node staging has a higher value in colon cancer with a more
immediate impact on post-operative therapy compared to
rectal cancer. However, identification of lymphatic metasta-
ses remains one of the key prognostic factors predicting dis-
ease recurrence and survival in both colon and rectal cancer.

In our study, 36 patients were erroneously considered
as NO (stage II) and converted to a nodal positive category
(stage III) after AC. One third of metastases detected with
AC concerned cases without pre-operative therapy. In these
patients, AC may lead to an adaptation of the therapeutic
concept with a potential new indication for post-operative
treatment. Another 33 patients were already classified as
nodal positive (stage III) before AC, and additional LN
metastases identified by AC resulted in assignment to a
higher nodal category, but the indication for post-operative
chemotherapy was already given before AC. In these cases,
acetone compression did not lead to an immediate change
in the treatment concept. However, a higher number of LN
metastases and a more advanced N stage are known to cor-
relate with a poorer prognosis and a higher risk of disease
recurrence [45]. Accordingly, the higher nodal category
resulting from AC may determine a more intense post-treat-
ment surveillance and better prognosis prediction in these
patients.

Fig.3 Flow chart of lymph
node exploration procedure,
number of nodal positive cases

Manual dissection of mesocolic fat tissue W

and impact of acetone compres-
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Post-operative therapy is also considered in selected
patients with node-negative (stage II) disease with addi-
tional high-risk features, such as inadequate LN sampling
(i.e., number < 12) [11-13]. Thus, AC method facilitates the
identification of true high-risk stage II patients, as it allows
the detection of 12 or more LN in most surgical resection
specimen.

An adequate nodal resection is not only crucial in terms
of outcome and prognosis prediction, but also serves as an
important quality control parameter in colorectal cancer sur-
gery, and its reporting improves surgical quality manage-
ment [31, 46]. In this respect, too, it is reasonable to work
up the number of lymph nodes in a surgical resection as pre-
cisely as possible.

To note, acetone is a flammable substance and its storage
should be away from sources of ignition or heat. In normal
use, acetone is not considered to exhibit toxicity [47, 48].
However, inhalation of larger doses can cause temporary
bronchial irritation, fatigue and headaches, and skin contact
with acetone can cause dryness and irritation. With standard
laboratory protective measures (i.e., ventilation, breathing
protection, gloves, wash hands after use), such side effects
are easily avoided. Overall, implementation of acetone
compression in the routine of a pathology laboratory is tech-
nically practicable and does not require excessive measures
and expenditure.

Effort and costs of acetone compression strongly depend
on the amount of tissue. At our institute, processing 100 g fat
tissue accounts for approx. 500—-600 Swiss francs, including
laboratory and medical expenditure. Larger surgical speci-
mens may comprise several hundred grams of mesenteric
fat, thus the application of acetone compression generates
significant supplementary costs. In times of growing impor-
tance of cost-effectiveness in health system, standard patho-
logic workup with manual lymph node harvest will keep
priority. However, if conventional preparation fails to iden-
tify the required number quantity of lymph nodes, acetone
compression and related methods are justifiable options
given the high impact of an accurate nodal stating on prog-
nosis prediction and post-operative therapeutic strategy.

The main limitation in this study is that the number of
manually harvested lymph nodes is relatively low in many
cases (average 4.8). The primary reprocessing of resection
specimens was performed by resident physicians at differ-
ent stages of their training, and the success of lymph node
harvest may depend on the experience of the person per-
forming the dissection. Potentially, the opportunity of sub-
sequent acetone compression may have led the investigators
to perform the lymph node dissection only exemplary.
On the other hand, this can also be considered an advan-
tage, in the way that acetone compression is a method that

reliably detects lymph nodes regardless of the examiner’s
experience.

In summary, our study demonstrates that acetone com-
pression is a straightforward and most efficacious method
to achieve adequate LN sampling and identify 12 or more
LN in almost all surgical specimen. AC leads to a significant
gain in the number of lymph nodes evaluated. Additional
metastases identified by AC improve nodal staging, with
high relevance for decision upon post-operative treatment
regimen and prognostic advantage in these patients.

Abbreviations

AC Acetone compression
CRC Colorectal cancer

LN Lymph node

Acknowledgements We thank the laboratory professionals of our
institute for technical execution of acetone compression method and
our medical colleagues for evaluation.

Author contributions CS: Conceptualization (supporting); data cu-
ration (equal); formal analysis (lead); methodology (equal); project
administration (equal); visualization (lead); writing — original draft
(lead). PKB: Conceptualization (equal); data curation (equal); formal
analysis (equal); methodology (equal); supervision (lead); validation
(equal); writing — original draft (supporting); writing — review and
editing (lead). KS, GOS, SSK, MA, GP, DE: Writing — review and
editing (equal).

Funding The authors received no specific funding for this work.

Declarations
Competing interests The authors declare no competing interests.

Ethics approval This article does not contain any studies with human
participants performed by any of the authors. This study was conduct-
ed in accordance with the Declaration of Helsinki and its amendments.
According to Swissethics, quality assurance projects do not require
ethical approval.

Conflict of interest The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format,
as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons licence, and indicate
if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless
indicated otherwise in a credit line to the material. If material is not
included in the article’s Creative Commons licence and your intended
use is not permitted by statutory regulation or exceeds the permitted
use, you will need to obtain permission directly from the copyright
holder. To view a copy of this licence, visit http://creativecommons.
org/licenses/by/4.0/.

@ Springer


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

52

Clinical & Experimental Metastasis (2024) 41:45-53

References

10.

11.

12.

13.

14.

Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I,
Jemal A, Bray F (2021) Global Cancer statistics 2020: GLOBO-
CAN estimates of incidence and Mortality Worldwide for 36 can-
cers in 185 countries. CA Cancer J Clin 71(3):209-249. https://
doi.org/10.3322/caac.21660

Kuipers EJ, Grady WM, Lieberman D, Seufferlein T, Sung JJ,
Boelens PG, van de Velde CJ, Watanabe T (2015) Colorectal
cancer. Nat Rev Dis Primers 1:15065. https://doi.org/10.1038/
nrdp.2015.65

Schmoll HJ, Van Cutsem E, Stein A et al (2012) ESMO Consen-
sus Guidelines for management of patients with colon and rectal
cancer. A personalized approach to clinical decision making. Ann
Oncol 23:2479-2516. https://doi.org/10.1093/annonc/mds236
Kim HJ, Choi GS (2019) Clinical implications of Lymph Node
Metastasis in Colorectal Cancer: current status and future perspec-
tives. Ann Coloproctol 35(3):109—117. https://doi.org/10.3393/
ac.2019.06.12

Benson AB 3rd, Bekaii-Saab T, Chan E et al (2012) Rectal can-
cer. J Natl Compr Canc Netw 10(12):1528-1564. https://doi.
org/10.6004/jnccn.2012.0158

Brierley JD, Gospodarowicz MK, Wittekind C (eds) (2017) The
TNM classification of malignant tumours. 8th edition. Oxford:
Wiley Blackwell

Moertel CG, Fleming TR, Macdonald JS, Haller DG, Laurie JA,
Goodman PJ, Ungerleider JS, Emerson WA, Tormey DC, Glick
JH (1990) Levamisole and fluorouracil for adjuvant therapy of
resected colon carcinoma. N Engl J Med 322:352-358. https://
doi.org/10.1056/NEJM199002083220602

Gill S, Loprinzi CL, Sargent DJ, Thomé SD, Alberts SR, Haller
DG, Benedetti J, Francini G, Shepherd LE, Francois Seitz J,
Labianca R, Chen W, Cha SS, Heldebrant MP, Goldberg RM
(2004) Pooled analysis of fluorouracil-based adjuvant therapy
for stage II and III colon Cancer: who benefits and by how
much? J Clin Oncol 22(10):1797-1806. https://doi.org/10.1200/
JCO.2004.09.059

Caplin S, Cerottini JP, Bosman FT, Constanda MT, Givel JC
(1998) For patients with dukes’ B (TNM stage II) colorectal car-
cinoma, examination of six or fewer lymph nodes is related to
poor prognosis. Cancer 83(4):666—672 PMID: 9708929

Rebuzzi SE, Pesola G, Martelli V, Sobrero AF (2020) Adju-
vant chemotherapy for stage II Colon Cancer. Cancers (Basel)
12(9):2584. https://doi.org/10.3390/cancers12092584

Argilés G, Tabernero J, Labianca R, Hochhauser D, Salazar R,
Iveson T, Laurent-Puig P, Quirke P, Yoshino T, Taieb J, Martinelli
E, Armold D (2020) ESMO Guidelines Committee. Localised
colon Cancer: ESMO Clinical Practice guidelines for diagnosis,
treatment and follow-up. Ann Oncol 31(10):1291-1305. https://
doi.org/10.1016/j.annonc.2020.06.022

National Comprehensive Cancer Network (NCCN). NCCN clini-
cal practice guidelines in oncology. Available at: https://www.
ncen.org/professionals/physician_gls. Accessed on Ocotober 18,
2022

Compton CC, Fielding LP, Burgart LJ, Conley B, Cooper HS,
Hamilton SR, Hammond ME, Henson DE, Hutter RV, Nagle RB,
Nielsen ML, Sargent DJ, Taylor CR, Welton M, Willett C (2000)
Prognostic factors in Colorectal cancer. College of American
Pathologists Consensus Statement 1999. Arch Pathol Lab Med
124(7):979-994. https://doi.org/10.5858/2000-124-0979-PFICC
Roh MS, Colangelo LH, O’Connell MJ, Yothers G, Deutsch M,
Allegra CJ, Kahlenberg MS, Baez-Diaz L, Ursiny CS, Petrelli NJ,
Wolmark N (2009) Preoperative multimodality therapy improves
disease-free survival in patients with carcinoma of the rectum:

@ Springer

15.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

NSABP R-03. J Clin Oncol 27(31):5124-5130. https://doi.
org/10.1200/JC0O.2009.22.0467

Sauer R, Liersch T, Merkel S, Fietkau R, Hohenberger W, Hess C,
Becker H, Raab HR, Villanueva MT, Witzigmann H, Wittekind C,
Beissbarth T, Rodel C (2012) Preoperative versus postoperative
chemoradiotherapy for locally advanced rectal cancer: results of
the German CAO/ARO/AIO-94 randomized phase III trial after
a median follow-up of 11 years. J Clin Oncol 30(16):1926-1933.
https://doi.org/10.1200/JC0O.2011.40.1836

Bregni G, Akin Telli A, Camera S, Deleporte A, Moretti L, Bali
AM, Liberale G, Holbrechts S, Hendlisz A, Sclafani F (2020)
Adjuvant chemotherapy for rectal cancer: current evidence
and recommendations for clinical practice. Cancer Treat Rev
83:101948. https://doi.org/10.1016/j.ctrv.2019.101948

Milinis K, Thornton M, Montazeri A, Rooney PS (2015) Adju-
vant chemotherapy for rectal cancer: is it needed? World J Clin
Oncol 6(6):225-236. https://doi.org/10.5306/wjco.v6.16.225
Collette L, Bosset JF, den Dulk M, Nguyen F, Mineur L, Main-
gon P, Radosevic-Jelic L, Piérart M, Calais G (2007) European
Organisation for Research and Treatment of Cancer Radiation
Oncology Group: patients with curative resection of c¢T3-4 rec-
tal cancer after preoperative radiotherapy or radiochemotherapy:
does anybody benefit from adjuvant fluorouracil-based chemo-
therapy? A trial of the European Organisation for Research and
Treatment of Cancer Radiation Oncology Group. J Clin Oncol
25:4379-4386. https://doi.org/10.1200/JC0O.2007.11.9685

Lewis SL, Stewart KE, Garwe T, Sarwar Z, Morris KT (2022)
Retrospective cohort analysis of the Effect of Age on Lymph
Node Harvest, Positivity, and ratio in Colorectal Cancer. Cancers
14:3817. https://doi.org/10.3390/cancers14153817

Tsai HL, Huang CW, Yeh YS, Ma CJ, Chen CW, Lu CY, Huang
MY, Yang IP, Wang JY (2016) Factors affecting number of lymph
nodes harvested and the impact of examining a minimum of 12
lymph nodes in stage I-III Colorectal cancer patients: a retrospec-
tive single institution cohort study of 1167 consecutive patients.
BMC Surg 16:17. https://doi.org/10.1186/s12893-016-0132-7
Rullier A, Laurent C, Capdepont M, Vendrely V, Belleannée G,
Bioulac-Sage P, Rullier E (2008) Lymph nodes after preopera-
tive chemoradiotherapy for rectal carcinoma: number, status, and
impact on survival. Am J Surg Pathol 32(1):45-50. https://doi.
org/10.1097/PAS.0b013e3180dc92ab

Orsenigo E, Gasparini G, Carlucci M (2919) Clinicopathological
factors influencing Lymph Node Yield in Colorectal Cancer: a
retrospective study. Gastroenterol Res Pract volume 2019. Article
ID 5197914 https://doi.org/10.1155/2019/5197914

Horne J, Bateman AC, Carr NJ, Ryder I (2014) Lymph node
revealing solutions in Colorectal cancer: should they be used
routinely? J Clin Pathol 67(5):383-388. https://doi.org/10.1136/
jclinpath-2013-202146

Ong ML, Schofield JB (2016) Assessment of lymph node involve-
ment in Colorectal cancer. World J Gastrointest Surg 8(3):179—
192. https://doi.org/10.4240/wjgs.v8.13.179

Sprenger T, Rothe H, Becker H, Beissbarth T, Homayounfar
K, Gauss K, Kitz J, Wolff H, Scheel AH, Ghadimi M, Rédel C,
Conradi LC, Liersch T (2013) Lymph node metastases in rectal
cancer after preoperative radiochemotherapy: impact of intrame-
sorectal distribution and residual micrometastatic involvement.
Am J Surg Pathol 37(8):1283-1289. https://doi.org/10.1097/
PAS.0b013e3182886ced

Sprenger T, Rothe H, Conradi LC, Beissbarth T, Kauffels A et al
(2016) Stage-Dependent Frequency of Lymph Node Metastases
in Patients With Rectal Carcinoma After Preoperative Chemora-
diation: Results from the CAO/ARO/AIO-94 Trial and From a
Comparative Prospective Evaluation With Extensive Pathologi-
cal Workup. Diseases of the Colon & Rectum 59(5):p 377-385.
https://doi.org/10.1097/DCR.0000000000000570


https://doi.org/10.1200/JCO.2009.22.0467
https://doi.org/10.1200/JCO.2009.22.0467
https://doi.org/10.1200/JCO.2011.40.1836
https://doi.org/10.1016/j.ctrv.2019.101948
https://doi.org/10.5306/wjco.v6.i6.225
https://doi.org/10.1200/JCO.2007.11.9685
https://doi.org/10.3390/cancers14153817
https://doi.org/10.1186/s12893-016-0132-7
https://doi.org/10.1097/PAS.0b013e3180dc92ab
https://doi.org/10.1097/PAS.0b013e3180dc92ab
https://doi.org/10.1155/2019/5197914
https://doi.org/10.1136/jclinpath-2013-202146
https://doi.org/10.1136/jclinpath-2013-202146
https://doi.org/10.4240/wjgs.v8.i3.179
https://doi.org/10.1097/PAS.0b013e3182886ced
https://doi.org/10.1097/PAS.0b013e3182886ced
https://doi.org/10.1097/DCR.0000000000000570
https://doi.org/10.3322/caac.21660
https://doi.org/10.3322/caac.21660
https://doi.org/10.1038/nrdp.2015.65
https://doi.org/10.1038/nrdp.2015.65
https://doi.org/10.1093/annonc/mds236
https://doi.org/10.3393/ac.2019.06.12
https://doi.org/10.3393/ac.2019.06.12
https://doi.org/10.6004/jnccn.2012.0158
https://doi.org/10.6004/jnccn.2012.0158
https://doi.org/10.1056/NEJM199002083220602
https://doi.org/10.1056/NEJM199002083220602
https://doi.org/10.1200/JCO.2004.09.059
https://doi.org/10.1200/JCO.2004.09.059
https://doi.org/10.3390/cancers12092584
https://doi.org/10.1016/j.annonc.2020.06.022
https://doi.org/10.1016/j.annonc.2020.06.022
https://www.nccn.org/professionals/physician_gls
https://www.nccn.org/professionals/physician_gls
https://doi.org/10.5858/2000-124-0979-PFICC

Clinical & Experimental Metastasis (2024) 41:45-53

53

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Basten O, Bandorski D, Bismarck C, Neumann K, Fisseler-
Eckhoff A (2010) Acetonkompression. Schnelle, standardisierte
Methode Zur Untersuchung Von Lymphknoten Im Gastrointes-
tinaltrakt [Acetone compression. A fast, standardized method to
investigate gastrointestinal lymph nodes]. Pathologe 31(3):218-
224. https://doi.org/10.1007/s00292-009-1256-7

Gehoff A, Basten O, Sprenger T, Conradi LC, Bismarck C, Ban-
dorski D, Merkelbach-Bruse S, Schneider-Stock R, Stoehr R,
Wirtz RM, Kitz J, Miiller A, Hartmann A, Becker H, Ghadimi
BM, Liersch T, Riischoff J (2012) Optimal lymph node harvest
in rectal cancer (UICC stages II and III) after preoperative 5-FU-
based radiochemotherapy. Acetone compression is a new and
highly efficient method. Am J Surg Pathol 36(2):202-213. https://
doi.org/10.1097/PAS.0b013e31823fa35b

Scheel AH, Reineke RA, Sprenger T, Lokka S, Kitz J, Ghadimi
BM, Riischoff J, Liersch T, Middel P (2015) Comprehensive
lymph node morphometry in rectal cancer using acetone com-
pression. J Clin Pathol 68(6):458-464. https://doi.org/10.1136/
jclinpath-2014-202555

Amin MB, Greene FL, Edge SB, Compton CC, Gershenwald
JE, Brookland RK, Meyer L, Gress DM, Byrd DR, Winchester
DP (2017) The Eighth Edition AJCC Cancer staging Manual:
continuing to build a bridge from a population-based to a more
personalized approach to cancer staging. CA Cancer J Clin
67(2):93-99. https://doi.org/10.3322/caac.21388

Bilimoria KY, Bentrem DJ, Stewart AK, Talamonti MS, Win-
chester DP, Russell TR, Ko CY (2008) Lymph node evaluation as
a colon Cancer quality measure: a national hospital report card.
J Natl Cancer Inst 100(18):1310-1317. https://doi.org/10.1093/
jnci/djn293

Nelson H, Petrelli N, Carlin A, Couture J, Fleshman J, Guillem J,
Miedema B, Ota D, Sargent D (2001) Guidelines 2000 for colon
and rectal cancer Surgery. J Natl Cancer Inst 93(8):583-596.
https://doi.org/10.1093/jnci/93.8.583

Herrera L, Villarreal JR (1992) Incidence of metastases from rec-
tal adenocarcinoma in small lymph nodes detected by a clear-
ing technique. Dis Colon Rectum 35(8):783-788. https://doi.
org/10.1007/BF02050329

Monig SP, Baldus SE, Zirbes TK, Schroder W, Lindemann DG,
Dienes HP, Holscher AH (1999) Lymph node size and meta-
static infiltration in colon Cancer. Ann Surg Oncol 6(6):579-581.
https://doi.org/10.1007/s10434-999-0579-1

Peschaud F, Benoist S, Julié¢ C, Beauchet A, Penna C, Rougier
P, Nordlinger B (2008) The ratio of metastatic to examined
lymph nodes is a powerful Independent prognostic factor in rec-
tal cancer. Ann Surg 248(6):1067—1073. https://doi.org/10.1097/
SLA.0b013e31818842¢c

Kim YW, Kim NK, Min BS, Lee KY, Sohn SK, Cho CH, Kim H,
Keum KC, Ahn JB (2009) The prognostic impact of the number of
lymph nodes retrieved after neoadjuvant chemoradiotherapy with
mesorectal excision for rectal cancer. J Surg Oncol 100(1):1-7.
https://doi.org/10.1002/js0.21299

Swanson RS, Compton CC, Stewart AK, Bland KI (2003) The
prognosis of T3NO colon Cancer is dependent on the number of
lymph nodes examined. Ann Surg Oncol 10(1):65-71. https://doi.
org/10.1245/as0.2003.03.058

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

Johnson PM, Porter GA, Ricciardi R, Baxter NN (2006) Increas-
ing negative lymph node count is independently associated with
improved long-term survival in stage IIIB and IIIC colon Can-
cer. J Clin Oncol 24(22):3570-3575. https://doi.org/10.1200/
JCO.2006.06.8866

Choi HK, Law WL, Poon JT (2010) The optimal number of
lymph nodes examined in stage II Colorectal cancer and its
impact of on outcomes. BMC Cancer 10:267. https://doi.
org/10.1186/1471-2407-10-267

Xie D, Song X, Tong L (2021) Stage Migration resulting from
inadequate number of examined lymph nodes impacts prognosis
in stage II Colon Cancer after radical Surgery. Int J Colorectal Dis
36(5):959-969. https://doi.org/10.1007/s00384-020-03794-6
Ahmadi O, Stringer MD, Black MA, McCall JL (2015) Clinico-
pathological factors influencing lymph node yield in Colorec-
tal cancer and impact on survival: analysis of New Zealand
cancer registry data. J Surg Oncol 111(4):451-458. https://doi.
org/10.1002/js0.23848

Backes Y, Elias SG, Bhoelan BS, Groen JN, van Bergeijk J et al
(2017) The prognostic value of lymph node yield in the earliest
stage of Colorectal cancer: a multicenter cohort study. BMC Med
15:129. https://doi.org/10.1186/512916-017-0892-7

Rosenberg R, Friederichs J, Schuster T, Gertler R, Maak M,
Becker K, Grebner A, Ulm K, Hofler H, Nekarda H, Siewert JR
(2008) Prognosis of patients with Colorectal cancer is associated
with lymph node ratio: a single-center analysis of 3,026 patients
over a 25-year time period. Ann Surg 248(6):968—978. https://doi.
org/10.1097/SLA.0b013¢318190eddc

Taieb J, Gallois C (2020) Adjuvant Chemotherapy for Stage
III Colon Cancer. Cancers (Basel) 19;12(9):2679. https://doi.
org/10.3390/cancers12092679

Gunderson LL, Jessup JM, Sargent DJ, Greene FL, Stewart A
(2010) Revised Tumor and node categorization for rectal cancer
based on surveillance, epidemiology, and end results and rectal
pooled analysis outcomes. J Clin Oncol 28(2):256-263. https://
doi.org/10.1200/JC0.2009.23.9194

Plummer JM, Williams N, Leake PA, Ferron-Boothe D, Meeks-
Aitken N, Mitchell DI, McFarlane ME, East J (2015) Surgical
quality in Colorectal cancer. Ann Med Surg (Lond) 15:5:52-56.
https://doi.org/10.1016/j.amsu.2015.12.045

Agency for Toxic Substances and Disease Registry (ATSDR)
(2022) Toxicological Profile for Acetone. Atlanta, GA: U.S.
Department of Health and Human Services, Public Health
Service. https://wwwn.cdc.gov/TSP/ToxProfiles/ToxProfiles.
aspx?id=5&tid=1. Accessed 12 December 2023

WHO (1970) Acetone: biological data. Toxicological evaluation
of some solvents and certain other substances. Food and Agricul-
ture Organization Nutrition Meetings Report Series 48A. United
Nations, World Health Organization, Geneva, Switzerland, pp
86-90

Publisher’s Note Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.1200/JCO.2006.06.8866
https://doi.org/10.1200/JCO.2006.06.8866
https://doi.org/10.1186/1471-2407-10-267
https://doi.org/10.1186/1471-2407-10-267
https://doi.org/10.1007/s00384-020-03794-6
https://doi.org/10.1002/jso.23848
https://doi.org/10.1002/jso.23848
https://doi.org/10.1186/s12916-017-0892-7
https://doi.org/10.1097/SLA.0b013e318190eddc
https://doi.org/10.1097/SLA.0b013e318190eddc
https://doi.org/10.3390/cancers12092679
https://doi.org/10.3390/cancers12092679
https://doi.org/10.1200/JCO.2009.23.9194
https://doi.org/10.1200/JCO.2009.23.9194
https://doi.org/10.1016/j.amsu.2015.12.045
https://wwwn.cdc.gov/TSP/ToxProfiles/ToxProfiles.aspx?id=5&tid=1
https://wwwn.cdc.gov/TSP/ToxProfiles/ToxProfiles.aspx?id=5&tid=1
https://doi.org/10.1007/s00292-009-1256-7
https://doi.org/10.1097/PAS.0b013e31823fa35b
https://doi.org/10.1097/PAS.0b013e31823fa35b
https://doi.org/10.1136/jclinpath-2014-202555
https://doi.org/10.1136/jclinpath-2014-202555
https://doi.org/10.3322/caac.21388
https://doi.org/10.1093/jnci/djn293
https://doi.org/10.1093/jnci/djn293
https://doi.org/10.1093/jnci/93.8.583
https://doi.org/10.1007/BF02050329
https://doi.org/10.1007/BF02050329
https://doi.org/10.1007/s10434-999-0579-1
https://doi.org/10.1097/SLA.0b013e31818842ec
https://doi.org/10.1097/SLA.0b013e31818842ec
https://doi.org/10.1002/jso.21299
https://doi.org/10.1245/aso.2003.03.058
https://doi.org/10.1245/aso.2003.03.058

	﻿Acetone compression improves lymph node yield and metastasis detection in colorectal cancer
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Data
	﻿Manual and acetone compression method
	﻿Statistical methods

	﻿Results
	﻿Patients’ characteristics
	﻿Total detected lymph nodes before vs. after acetone compression
	﻿Lymph node metastases before vs. after acetone compression
	﻿Effect of acetone compression on N category and disease staging

	﻿Discussion
	﻿References


