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Abstract. Peritoneal carcinomatosis is one of the leading 
causes of death in patients with gastrointestinal cancer. Newer 
locoregional treatment concepts include pressurized intraperi‑
toneal aerosol chemotherapy (PIPAC), the regional application 
of pressurized chemotherapeutic agents to the abdominal 
cavity, which is usually performed every 4 to 8 weeks. One of 
the main challenges of PIPAC therapy remains the objective 
assessment of treatment response. The present study describes 
a new scoring system to histologically assess the regression of 
peritoneal cancer following PIPAC therapy, quantitative assess‑
ment of histological regression in peritoneal carcinomatosis 
(QARP). Peritoneal biopsies from 27 patients with peritoneal 
metastases undergoing PIPAC were obtained and processed 
in a standardized fashion. Biopsies were scored according to 
the QARP grading system. The five‑tiered system was graded 
as follows, Grade 0, no residual tumor cells with regressive 
changes present; grade 1, 1‑25% viable tumor cells per tumor 
focus with regressive changes present; grade 2, 26‑50% viable 
tumor cells per tumor focus with regressive changes present; 
grade 3, 51‑75% viable tumor cells per tumor focus with few 

regressive changes; grade 4, >75% viable tumor cells per tumor 
focus with minimal or no regressive changes. Based on the 
new grading system, the study cohort was divided into QARP 
responders and QARP non‑responders following PIPAC treat‑
ment. Higher QARP scores were significantly correlated with 
higher PCI scores (r=0.32; P=0.007). However, no difference 
in overall survival was detected between QARP responders 
and QARP non‑responders. Further studies are required to 
ascertain the reproducibility and prognostic significance of 
QARP.

Introduction

Gastrointestinal cancers account for 26% of the global cancer 
burden and 35% of all cancer‑related deaths. In 2018, there 
were an estimated 4.8 million new cases and 3.4 million deaths 
related to gastric cancer worldwide (1). Peritoneal carcino‑
matosis is one of the leading causes of death in patients with 
gastrointestinal cancers. For example, up to 30% of colorectal 
cancer patients will develop peritoneal metastases in the course 
of their disease (2). Therapeutic options include cytoreductive 
surgery of all peritoneal disease combined with or without 
hyperthermic intraperitoneal chemotherapy (HIPEC)  (3). 
While cytoreductive surgery is a potentially curative option, 
only about a fraction of patients qualifies for resection due to 
extensive peritoneal disease and/or synchronous metastases 
at additional sites which cannot be completely resected. 
Pressurized intraperitoneal aerosol chemotherapy (PIPAC) is 
another recent therapy proposed for patients with peritoneal 
carcinomatosis (4-10). During the PIPAC procedure, laparos‑
copy is performed, biopsies are taken, and chemotherapeutic 
drugs are delivered into the abdominal cavity as an aerosol 
under pressure  (11,12). The PIPAC procedure is usually 
repeated every four to eight weeks. It is a minimally invasive 
procedure which can usually be performed via two small inci‑
sions, so recovery time and hospital stay are short and patients 
can often continue with their next chemotherapy cycle without 
any delay caused by the operation. As long as a minimally 
invasive approach is feasible and the patient can undergo anes‑
thesia safely, PIPAC can be performed. Initially, PIPAC was 
introduced for very advanced peritoneal carcinomatosis (13-16) 
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and was recently proposed for the use in a neoadjuvant and 
adjuvant setting (17,18) to allow for the regional treatment 
of the peritoneal surfaces. Studies have shown that PIPAC 
is safe, well tolerated, and can improve the quality of life in 
patients with peritoneal carcinomatosis (19-25). Two methods 
can be employed to assess treatment response in patients. The 
Peritoneal Cancer Index (PCI) according to Sugarbaker (26) 
is determined during laparoscopy to quantify the extent of the 
disease macroscopically. The presence and size of peritoneal 
cancer nodules in 13 defined abdominal regions is assessed 
and a score is assigned (27,28). PCI ranges from 0 (indicating 
no visible peritoneal implants) to 39 (peritoneal cancer every‑
where) and a change over time is associated with treatment 
response (28). Another classification method is the histological 
assessment of peritoneal biopsies taken during laparoscopy. 
In 2016, Solass et al (29) introduced the four‑tiered peritoneal 
regression grading score (PRGS) to assess the response to 
chemotherapy in peritoneal metastasis by histology (30). The 
PRGS is based on the presence of residual tumor cells and/or 
the extent of regressive features such as fibrosis, accumulation 
of macrophages, necrosis, or presence of mucin with or without 
tumor cells. To determine the score, the proportion between 
both is assessed  (31). PRGS distinguishes between four 
scenarios: complete response (absence of tumor cells), major 
response (predominant regressive changes), minor response 
(mainly viable tumor cells) and no response (no regressive 
changes) (29). Here, we present a new variation of the PRGS 
scoring system based on quantitative assessment of histo‑
logical regression in peritoneal carcinomatosis (QARP) after 
PIPAC treatment. QARP combines elements of the PRGS with 
a semiquantitative assessment of tumor cells versus regressive 
changes. A semiquantitative scoring system is in line with the 
standard practice at our institute for the assessment of cancer 
specimens and is being used in established regression scores 
for various cancer types. 

Materials and methods

Peritoneal biopsies. Following approval by Institutional 
Ethics Committee of Ärztekammer Westfalen‑Lippe 
(2022‑850‑f‑S), we examined samples from 27 patients with 
gastrointestinal cancers and peritoneal metastasis of various 
origins including esophageal, gastric, pancreatic, biliary, 
appendiceal, and colorectal who had undergone two to six 
PIPAC procedures (a total of 72 PIPACs) at the University 
Hospital Muenster Department of Surgery between May 2020 
and August 2022. Median age was 62 years ranging from 41 
to 82. Patients with colorectal primaries received PIPAC with 
oxaliplatin 120 mg/m2 BSA (body surface area), patients with 
all other primary cancers received PIPAC with doxorubicin 
2.1 mg/m2 BSA and cisplatin 10.5 mg/m2 BSA. During the 
laparoscopic procedure, PCI was determined according to 
the Sugarbaker classification (26) and peritoneal biopsies 
were taken from cancerous lesions in different abdominal 
quadrants, embedded in formalin, and processed in standard‑
ized fashion by the Gerhard‑Domagk Institute of Pathology at 
the University Hospital Muenster. Briefly, fresh biopsies were 
fixated in 10% buffered formalin for 24 to 48 h, embedded 
in paraffin, under controlled temperature, cut in 3 to 5 µm 
sections and stained with hematoxylin and eosin (H&E) 

and Periodic Acid‑Schiff (PAS) according to standardized 
protocols.

Peritoneal cancer regression score. Histological assessment of 
the peritoneal biopsies was performed by two board certified 
pathologists (MA, EW). Microscopic features of regression, 
previously published by Solass et al, included mucin without 
cells, fibrosis, infarct‑like‑necrosis, inflammatory changes with 
giant cells, and lipid‑laden foamy macrophages (Fig. S1) (29). 
The samples were scored according to our grading system by 
quantitative assessment of viable tumor cells in relation to 
the tumor focus (Table I). The five‑tiered system was graded 
as follows: Grade 0-no residual tumor cells with regressive 
changes present; grade 1‑1 to 25% viable tumor cells per tumor 
focus with regressive changes present; grade 2‑26  to 50% 
viable tumor cells per tumor focus with regressive changes 
present, grade 3‑51 to 75% viable tumor cells per tumor focus 
with few regressive changes; grade 4‑more than 75% viable 
tumor cells per tumor focus with minimal or no regressive 
changes (Fig. 1). If there was no clear evidence for regressive 
changes in the absence of tumor cells, QARP was graded 
as ‘x’‑cannot be determined. The histopathological features 
of viable tumor cells were characterized by hyperchromatic 
nuclei, eosinophilic cytoplasm, mitotic figures, and/or apop‑
tosis. As mentioned above, regressive changes were associated 
with fibrosis, mucin without cells, necrosis, and inflammatory 
changes with giant cells. Surrounding tissue without any sign 
of previously present tumor cells was excluded from the quan‑
titative assessment. Patient data was extracted by chart review 
of the electronical medical record. The median follow‑up time 
was 10.2 months.

Statistical analysis. Data was analyzed using Datatab Online 
Statistics Calculator (https://datatab.net/statistics‑calcu‑
lator/descriptive‑statistics). Spearman's rank correlation 
coefficient was calculated to examine the relationship between 
QARP and PCI. Survival data was plotted on Kaplan Meier 
curves and compared using log‑rank test. P<0.05 was 
considered to indicate a statistically significant difference.

Results

Patient characteristics. The median age of patients included in 
this study was 62 years at the time of the first PIPAC. There were 
13 male (48.1%) and 14 female (51.9%) patients. The primary 
cancer origins were as follows, esophagogastric in 8 patients 
(29.6%), colorectal in 10 patients (37.0%), pancreatic in five 
patients (18.5%), biliary in three patients (11.1%) and appendi‑
ceal in two patients (7.4%) (Table II). Patients with colorectal 
primaries received PIPAC with oxaliplatin 120 mg/m2 BSA, 
patients with all other primary cancers received PIPAC with 
doxorubicin 2.1 mg/m2 BSA and cisplatin 10.5 mg/m2 BSA. 
The one patient with two primaries (pancreatic and colorectal) 
was treated with doxorubicin/cisplatin. PIPAC procedure was 
performed according to a standardized protocol.

Regressive changes of peritoneal carcinomatosis deter-
mined by QARP. Regressive changes within the peritoneal 
biopsies were determined by QARP for each PIPAC cycle. 
QARP scores for each patient and procedure were plotted 
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on a graph depicting the development over time (Fig. 2). If 
biopsies from the same procedure revealed different QARP 
scores, the highest score was plotted. Nine patients showed 
improvement in QARP scores over time and 5 patients had 
stable low QARP scores (QARP 0 or 1) in every procedure. 
These patients were labelled as ‘QARP responders’ (Fig. 2A). 
For comparison, matching PCI values were plotted below the 
QARP scores (Fig. 2A). Thirteen patients had either stable 
high QARP scores (QARP 4) or worsening scores over time. 
These patients were labelled as ‘QARP non‑responders’ 
(Fig. 2B). Once more, for comparison, matching PCI values 
were plotted below the QARP scores (Fig. 2B). Looking at 
the group of responders to treatment (n=14), an improvement 
in QARP score was noted from a median of QARP 2 at the 
first PIPAC procedure to median QARP of 1 at the second and 
subsequent PIPAC procedures (Fig. 3A, middle panel). ‘QARP 
non‑responders’ already started with a median QARP score 
of 4 at the first PIPAC procedure and remained at that level 
during the following PIPAC procedures (Fig. 3A, right panel). 
For comparison, matching PCI values were plotted below the 
QARP scores (Fig. 3B).

Correlation of QARP and PCI. PCI scores for each patient and 
procedure were compared with QARP scores for each patient 
and procedure, and the Spearman correlation was calculated. 
QARP and PCI showed a weak, but significant, positive corre‑
lation (r=0.32; P=0.007), i.e., higher QARP scores correlated 
with higher PCI scores (Fig. 4).

Survival curves. Survival times for QARP responders and 
QARP non‑responders, as defined above, were plotted on 
a Kaplan‑Meier graph. The survival curves diverge in the 
first months, with a significant survival advantage for QARP 
responders at 6 months (P=0.03; log‑rank), but eventually 
intersect at 15 months (Fig. 5). There is no significant differ‑
ence in long‑term overall survival between QARP responders 
and non‑responders in our cohort at the end of the observation 
period (P=0.43; log‑rank) (Fig. 5). For comparison, survival 
curves grouped by primary cancer type were calculated (Fig. 6).

Discussion

Tumor regression scores following chemotherapy and/or radio‑
therapy find applications across various primary and metastatic 

Table I. QARP.

	 Percentage of viable tumor cells and presence of
Grade	 regressive changes in relation to the tumor focus	 Interpretation

QARP 0	 No tumor cells, regressive changes present	 Complete response
QARP 1	 1‑25% viable tumor cells/tumor focus, regressive changes present	 Major response
QARP 2	 26‑50% viable tumor cells/tumor focus, regressive changes present	 Moderate response
QARP 3	 51‑75% viable tumor cells/tumor focus, few regressive changes present	 Minor response
QARP 4	 >75% viable tumor cells/tumor focus, +/‑minimal regressive changes	 No/minimal response
QARP x	 No clear sign of tumor cells or regressive changes in the biopsy	 Cannot be determined

QARP, quantitative assessment of histological regression in peritoneal carcinomatosis.

Table II. Patient characteristics.

A, Patient characteristics

Characteristic	 Value

Median age at first PIPAC (range), years	 62 (41‑82)
Sex, n (%)	
  Male	 13 (48.1%)
  Female	 14 (51.9%)
ECOG, n (%)	
  0	 10 (37.0%)
  1	 17 (63.0%)
PIPAC drugs, n (%)	
  Doxorubicin/cisplatin	 16 (59.3%)
  Oxaliplatin	 11 (40.7%)

B, Pathological characteristics

Tumor entities (one patient with two
primaries), n (%)	
  Esophagogastric	 8 (29.6%)
    Signet ring cell adenocarcinoma	 5
    Poorly cohesive adenocarcinoma	 2
    Mucinous adenocarcinoma	 1
  Colorectal	 10 (37.0%)
    Mucinous adenocarcinoma	 5
    Signet ring cell adenocarcinoma	 3
    Adenocarcinoma, NOS	 2
  Appendiceal	 2 (7.4%)
    Signet ring cell adenocarcinoma	 1
    Mucinous adenocarcinoma	 1
  Pancreatic	 5 (18.5%)
    Adenocarcinoma, NOS	 5
  Biliary	 3 (11.1%)
    Adenocarcinoma, NOS	 3

All cases were associated with peritoneal carcinomatosis and staged 
as pM1, stage IV. PIPAC, pressurized intraperitoneal aerosol chemo‑
therapy; NOS, not otherwise specified.
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cancers in assessing treatment efficacy. Notably, the Mandard 
system introduced in 1994 delineates five tumor regression 
grades (TRG) for esophageal carcinoma treated with preopera‑
tive chemoradiation (32). TRG 1 signifies complete regression 
with no residual cancer cells alongside fibrosis of the esopha‑
geal wall, TRG 2 indicates fibrosis with scattered tumor cells, 
TRG 3 is defined as predominant fibrosis with an increased 
number of residual cancer cells, TRG 4 shows a relative 
abundance of cancer compared to fibrosis of the esophageal 
wall, and TRG 5 signifies no regressive changes (32). In 2003, 
Becker et al defined a regression score for adenocarcinoma 
of the esophagogastric junction (33) distinguishing grades as 

follows: grade 1a (complete tumor regression), grade 1b (<10% 
of vital tumor tissue), grade 2 (10 to 50% residual tumor per 
tumor bed), and grade 3 (>50% of viable tumor remaining). 
In 2004, Baldus et al introduced a semiquantitative system 
to evaluate regressive changes after neoadjuvant treatment of 
locally advanced esophageal cancers demonstrating a favorable 
prognosis for patients with greater than 90% regression (34). 
Dworak et al proposed a system assessing the regression of 
primary rectal cancer following chemoradiation (35), while 
Rubbia‑Brandt et al and Blazer et al presented systems for eval‑
uating response in liver metastases of colorectal origin using 
semiquantitative methods (36,37). In the context of assessing 

Figure 1. Examples of regression patterns according to the QARP score‑light microscopy of representative paraffin sections stained with H&E. Original 
magnification, x10; scale bar, 500 µm. QARP, quantitative assessment of histological regression in peritoneal carcinomatosis; H&E, hematoxylin and eosin.
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peritoneal metastases from gastrointestinal carcinomas after 
PIPAC therapy, Solass et al established the peritoneal regres‑
sion grading system (PRGS), confirming its reproducibility 
and low interobserver variability (29,38). The PRGS hinges on 
the presence of residual tumor cells and the extent of histo‑
logical regressive features, paralleling the basis of the QARP 
score. Viable tumor cells are characterized by hyperchromatic 
nuclei, eosinophilic cytoplasm, mitotic figures, and/or apop‑
tosis. Conversely, regressive changes involve fibrosis, mucin 
devoid of cells, necrosis, and inflammatory changes with giant 
cells. The PRGS distinguishes complete response (absence of 
tumor cells), major response (predominant regressive changes), 
minor response (mainly viable tumor cells) and no response 
(no regressive changes) (29). 

Our new scoring system combines elements of the PRGS 
with a semiquantitative assessment of tumor cells versus 
regressive changes. It calculates the percentage of tumor 
cells and regressive changes in each tumor focus, assigning 

scores based on the proportion of viable tumor cells per 
focus paralleling established cancer regression scores, such 
as the regression scores according to Becker et al (33) and 
Baldus et al (34). Tissue surrounding a focus with no signs of 
regression pointing toward previous tumor cells is excluded 
from quantitative assessment. Biopsies showing neither 
tumor cells nor clear regressive features denoting a treatment 
response of previous tumor cells are graded as ‘x’ (indeter‑
minable), avoiding overestimation of treatment response. 
Fortunately, such instances were rare. Given multiple biop‑
sies were taken during each PIPAC procedure, there was 
sufficient material to assign at least one QARP score to each 
patient and procedure. As biopsies were routinely taken from 
different abdominal quadrants, we sometimes found‑in the 
same patient‑biopsies with regressive features without tumor 
cells, while others had nearly completely viable tumor cells. 
This raised the question of differing treatment responses or 
whether areas without tumor cells and only regressive changes 

Figure 2. QARP scores for each patient and procedure are plotted on a graph along with corresponding PCI values: (A) 14 patients who show either improve‑
ment in QARP scores over time or stable low QARP scores (QARP 0 or 1) in every procedure are defined as ‘responders’. Matching PCI values are plotted on a 
graph for comparison; (B) 13 patients who have either stable high QARP scores (QARP 4) or worsening QARP scores over time are defined as ‘non‑responders’. 
Matching PCI values are plotted on a graph for comparison. QARP, quantitative assessment of histological regression in peritoneal carcinomatosis; PCI, 
peritoneal cancer index; PIPAC, pressurized intraperitoneal aerosol chemotherapy.
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were initially not involved by peritoneal cancer, but simply 
reflected the response of ‘normal’ non‑diseased peritoneum 
to prior treatment. The PIPAC procedure itself can result in 
chemical peritonitis and subsequent histological changes of 
the non‑diseased peritoneum, which can be difficult to distin‑
guish from complete regression. To prevent overestimation of 

Figure 5. Overall survival of patients defined as QARP responders (blue) 
and QARP non‑responders (red) shows no significant difference (P=0.43). 
Cut‑off at 6 months (dotted line) shows a difference by log‑rank test (P=0.03). 
QARP, quantitative assessment of histological regression in peritoneal 
carcinomatosis.

Figure 6. Overall survival of patients grouped by primary cancer 
(gastroesophageal, pancreatic, colorectal, appendiceal, biliary).

Figure 4. Spearman correlation of matching QARP scores and PCI 
shows a weak positive correlation between QARP scores and PCI. 
QARP, quantitative assessment of histological regression in peritoneal 
carcinomatosis; PCI, peritoneal cancer index 

Figure 3. QARP and PCI for entire cohort, QARP responders and non‑responders: (A) Boxplot of QARP scores (solid transverse line depicts median, dotted 
transverse line depicts mean) at each PIPAC cycle for all patients (left panel), for patients defined as QARP responders (middle panel), for patients defined as 
QARP non‑responders (right panel). (B) Boxplot of PCI (solid transverse line depicts median, dotted transverse line depicts mean) at each PIPAC cycle for all 
patients (left panel), for patients defined as QARP responders (middle panel), for patients defined as QARP non‑responders (right panel). QARP, quantitative 
assessment of histological regression in peritoneal carcinomatosis; PCI, peritoneal cancer index; PIPAC, pressurized intraperitoneal aerosol chemotherapy.
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treatment response, we routinely selected the highest score as 
a reference score when comparing scores over time. Thus, a 
potential misinterpretation of reactive change in non‑diseased 
peritoneum as complete regression was avoided. When using 
PRGS in the past, we frequently found ourselves struggling 
with the assignment of the highest score, PRGS 4, indicating 
‘no response’, as fibrous tissue can be part of the ‘normal’ 
stroma of a viable tumor or sign of fibrotic regressive changes. 
Therefore, biopsies with a small amount of connective tissue 
within the tumor focus could be interpreted as PRGS 4 
assuming it was normal tumor stroma, or interpreted as PRGS 
3, assuming we were looking at fibrosis suggesting a minimal 
regressive response. As differentiating between these two 
can be challenging, we were risking erroneous lower scores 
by categorizing biopsies as ‘partial response’ rather than ‘no 
response’. In addition, we were wondering if it was actually 
clinically relevant to discriminate between ‘no response’ and 
a minimal response which would be displayed as two different 
scores, namely PRGS 4 and PRGS 3. To overcome this limita‑
tion, we decided to create a five‑tiered system, with the highest 
QARP score, grade 4, translating to over 75% of viable tumor 
cells per focus, thus grouping patients with a minimal and no 
response together. As semiquantitative scores are routinely 
used at our institute, introduction of the QARP score was 
seamless and it was adopted readily by our pathologists. 

A limitation of our study is the rather small and mixed 
patient cohort. This is not surprising, as patients with 
peritoneal carcinomatosis form a heterogenous group due 
to the different tumor origins. In addition, PIPAC is far 
from being the standard of care for patients with peritoneal 
metastases despite its growing acceptance and evidence 
for its usefulness. PIPAC is only performed at specialized 
centers and, as a result, only a fraction of patients who would 
be candidate for it, are actually offered PIPAC treatment. 
We cannot show a significant difference in survival between 
what we defined as QARP responders and non‑responders 
which might be due to the small number of patients in our 
study. Interestingly, the survival curves diverge in the first 
months and at 6 months, from the time of the first PIPAC, 
there is still a significant difference in survival suggesting 
that there might be a survival advantage early after initiation 
of PIPAC treatment when comparing QARP responders and 
non‑responders. Given our small cohort, we did not stratify 
our patients further according to the primary tumor origin 
which will be the goal of a future study. However, even in 
our small cohort, we find a significant correlation between 
QARP and PCI, a well‑established score that has been used 
for decades in patients with peritoneal metastases and has 
been shown to be of prognostic relevance by itself (28). In 
contrast to the PRGS, we employed a five‑tiered system 
which can allow for enhanced subgroup differentiation, 
especially when analyzing larger number of patients. Future 
studies with larger patient cohorts will be able to further 
delineate the prognostic value of the QARP score and 
confirm its usefulness.

In conclusion, QARP, our newly developed regression score 
for peritoneal carcinomatosis following PIPAC, represents 
an advancement built upon the foundation of the established 
PRGS. Throughout our patient cohort, QARP proved to be 
a useful tool in quantifying treatment response post‑PIPAC. 

Further studies incorporating larger patient cohorts will be 
able to further delineate the prognostic value of the QARP 
score and confirm its usefulness.
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