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Abstract

Background: Gastrostomy tube placement is sometimes necessary 
during chemoradiation for head and neck cancer (HNC), but it is as-
sociated with worse swallowing outcomes. Despite best efforts, the 
need for gastrostomy cannot be perfectly predicted, and some patients 
develop the need for gastrostomy while undergoing chemotherapy. To 
date, the impact of cisplatin on gastrostomy site healing has not been 
investigated. The aim of this study is to compare the levels of pro-
collagen, connective tissue growth factor (CTGF), and CD26 in the 
gastrostomy sites of mice at varying timepoints after cisplatin versus 
saline.

Methods: For this study we used 32 C57BL/6 mice. Cisplatin (1 
mg/kg) was injected intraperitoneally into the mice from treatment 
groups. Control groups received the same volume of normal saline 
intraperitoneally. Mice underwent gastrostomy tube placement at 7, 
10, 14, and 17 days post cisplatin or saline therapy. Ten days after 
gastrostomy placement, mice were sacrificed, and the gastrostomy 
site tissue was examined. We measured the levels of procollagen type 
1, CTGF, and CD26 by flow cytometry. Masson’s trichrome stain was 
used for qualitative comparison of collagen formation in surgical site 
tissue.

Results: Masson’s trichrome staining showed more collagen forma-
tion in surgical site tissue at 17 versus 7 days post-cisplatin. Levels of 
procollagen type 1 by flow cytometry were significantly higher in the 
control group compared to the treatment group (P < 0.0001) for each 
time point. There was a statistically significant difference in procol-

lagen type 1 between the 7 days post-chemotherapy group and the 17 
days post-chemotherapy group (P = 0.0024). The percentage of cells 
with procollagen, CTGF, and CD26 in the 7 days post-saline con-
trol group were similar to the percentage in the 14 days post-cisplatin 
treatment group.

Conclusions: CTGF, CD26, and procollagen were decreased by cis-
platin in gastrostomy site tissue at each time point, but levels 14 days 
after a cisplatin treatment approximate the levels 7 days after saline. 
These results suggest that it is safe to proceed with gastrostomy tube 
placement 14 - 17 days after cisplatin because the CTGF, CD26, and 
procollagen levels approximate the levels 7 days after saline. Addi-
tional studies are needed to extrapolate to humans.
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Introduction

Worldwide, head and neck cancer (HNC) accounts around 
6% of new cancer diagnoses [1]. The annual incidence in the 
United States is estimated at 15 per 100,000 with over 12,000 
deaths attributable to the disease [2]. Based on the surveil-
lance, epidemiology and end results (SEER) query of patients 
from 1989 to 2014, over 50% of patients with HNC will even-
tually undergo cancer-directed surgery [3]. Radiotherapy also 
continues to play a significant role and is offered to nearly 75% 
of HNC patients as a single agent or in combination therapy, 
based on a report by Ratko et al [4]. The platinum-based chem-
otherapy agent cisplatin is used in over 50% of cases as part of 
chemoradiation therapy (CRT) regimens [5].

In patients with HNC, feeding difficulties often arise as a re-
sult of disease process or treatment. The combined chemothera-
py and radiation treatments that patients with HNC receive often 
cause oropharyngeal mucositis, odynophagia, and swallowing 
dysfunction. This is particularly true when chemotherapy is a 
component of the regimen since it is known to heighten the ef-
fect of radiation. However, high-dose cisplatin remains a main-
stay for HNC treatment since no alternatives have been able to 
achieve superior, or even equivalent results [6]. Therefore, many 
of these patients will require gastrostomy tubes for supplemental 
nutrition [7, 8]. In a study by Locher et al [8], 35% of patients 
with HNC underwent gastrostomy tube placement.
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Stiernberg et al [9] reported that cisplatin affects wound 
healing by decreasing wound strength. Pivotally, Engelmann 
et al [10] showed that preoperative cisplatin administration in 
rats led to reduced connective tissue proliferation, inhibition of 
fibroblasts and endothelial cells, and hindrance of vessel pro-
liferation. Taken in conjunction, cisplatin has an impact on the 
healing of gastrostomy sites. Improper adhesion of the stomach 
to the abdominal wall may lead to peristomal leakage, leakage 
into the abdomen and subsequent infection necessitating explor-
atory laparotomy [11]. Considering this, the timing of gastros-
tomy tubes is often debated in the management of HNC patients.

While the effect of prophylactic gastrostomy placement 
on patient survival and tumor control is unknown, benefit 
was assumed since one series that found weight loss was the 
strongest independent predictor of survival [12]. This led some 
clinicians to advocate for all CRT patients to receive prophy-
lactic gastrostomy tube [13]. However, the late toxicities of 
prophylactic gastrostomy tube placement, specifically, long-
term gastrotomy tube dependence and esophageal stricture, 
impose lifelong tolls that are unfortunately common [12, 14, 
15]. Limiting gastrostomy tube use is believed to be beneficial 
for long-term swallowing outcomes.

On the other hand, some patients who were initially pre-
sumed capable of oral intake develop the need for additional 
supplementation. When this case arises, gastrostomy tubes are 
placed after initiation of treatment. While reactive gastrostomy 
tube placement while on chemotherapy is utilized, there are 
little data on healing of the surgical site. Anecdotal data have 
shown poor healing in HNC patients that underwent gastros-
tomy tube placement during treatment with CRT [16]. In vitro 
and in vivo data demonstrate that cisplatin negatively impacts 
wound healing and production of collagen [9, 16, 17]. When 
clinicians wait until there is undeniable need for a gastros-
tomy tube, the question remains: when is the optimal timing 
for gastrostomy placement for patients receiving cisplatin to 
minimize the negative impact on wound healing?

Currently, there is no consensus regarding the timing 
of gastrostomy tube placement in HNC patients undergoing 
chemotherapy. There is no existing evidence to guide decision-
making and many institutions have adopted prophylactic gas-
trostomy tube placement practices. This may potentially result 
in poor long-term swallowing outcomes and unnecessary gas-
trostomy tube placement, as well as unnecessary associated 
complications. Insight into the timing for safe gastrostomy 
placement in cisplatin therapy patients could help guide prac-
tices that adopt reactive gastrostomy placement.

Wound healing is a complex process that depend on several 
cellular and molecular components like collage and connective 
tissue growth factor (CTGF). Collagen is a main component in 
all phases of wound healing. It supports new blood vessel and 
granulation tissue formation [18]. The cells responsible for the 
majority production of collagen are the fibroblasts. According 
to the literature, fibroblasts CD26+ are responsible for the pro-
duction of the most part of the components of the collagen 
fiber [19]. Besides the collagen production, during the wound 
healing, cellular proliferation and differentiation process are 
very important. CTGF is a matricellular protein that induce 
proliferation and differentiation of the cells in the wound side 
helping on the tissue repair [20].

The study aims to determine that time point by comparing 
wounds between mice treated with intraperitoneal saline ver-
sus cisplatin. Mice will undergo gastrostomy tube placement at 
7, 10, 14, or 17 days after chemotherapy.

Regarding to important role of these three markers in 
wound healing process we hypothesize that healing gastros-
tomy wound levels of procollagen, CD26, and CTGF in cispla-
tin treated mice will be decreased compared to the wounds of 
controls 7 days after chemotherapy. We expect tissue levels of 
these markers to approach that of controls when the gastrosto-
my is performed at timepoints further from a dose of cisplatin 
therapy. The incremental increase in the delay of surgery after 
completion of cisplatin therapy is designed to determine when 
gastrostomy could be performed while maintaining reasonable 
wound healing function.

Materials and Methods

Sixteen ICR treatment mice were administered 1 mg/kg cispla-
tin by intraperitoneal route. The mice were divided into four 
groups with four mice in each, undergoing gastrostomy on 
post-chemotherapy days 7, 10, 14, or 17. Sixteen ICR control 
mice with four mice in each group underwent saline infusion 
rather than cisplatin infusion, followed by gastrostomy tube 
placement at the same time points for comparison. Gastrostomy 
placement was performed with the following technique (Fig. 
1). Mice were anesthetized using 3% isoflurane. A left flank 
incision was made to place the tube through. A mid-abdominal 
incision was made to access the gastric body. Anchoring sutures 
were placed to lift the anterior gastric wall. The gastric wall is 
then incised with a microscalpel. The tube was placed into the 
stomach and pulled through from a tunnel under the skin and 
fixed to the lateral abdominal wall with a 2/0 silk suture. Skin 
and muscle layers were closed using 4/0 Vicryl suture.

All mice were sacrificed 10 days after placement of the 
gastrostomy tube and the tissue surrounding the site was har-
vested. Formalin-fixed paraffin-embedded gastrostomy site 
tissues were sectioned and stained with Masson’s trichrome 
for qualitative collagen analysis. Samples from the gastrosto-
my sites were also prepared for flow cytometry analysis com-
paring levels of CTGF, procollagen type 1, and CD26.

The Institutional Review Board approval is not applica-
ble. The study was conducted in compliance with the Animal 
Study: 2011-0062.

Results

Masson’s trichrome staining shows scant collagen formation in 
surgical site tissue from mice that had surgery 7 days post-chem-
otherapy (Fig. 2). In contrast, the surgical site tissue from mice 
that were 17 days post-chemotherapy had collagen similar to a 
mouse sacrificed after gastrostomy placement alone. Levels of 
procollagen type 1 were significantly higher in the control group 
compared to the treatment group with P < 0.0001 for each time 
point. When comparing the treatment groups, there was a statis-
tically significant difference in procollagen type 1 between the 
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7 days post-cisplatin group and the 17 days post-cisplatin group 
(Fig. 3a). The percentage of cells positive for procollagen in the 
7 days post-saline control group was similar to the percentage 
in the 14 days post-cisplatin treatment group (P = 0.0024) (Fig. 
3b). The same was true of the levels of cells positive for both 
CTGF and CD26; levels at 14 days post-cisplatin were compa-
rable to levels at 7 days post-saline (Fig. 3c).

Discussion

Many patients with HNC develop difficulties with their nu-

tritional status throughout the course of their treatment. The 
commonly used regimens of chemotherapy and radiation often 
lead to odynophagia, swallowing dysfunction, and mucositis. 
When these side effects become excessive and oral feeding is 
not tolerable, routes of enteral feeding are pursued. The main 
routes used are nasogastric tubes (NGTs) and gastrostomies. 
Although the insertion of a NGT is generally a comparatively 
less complicated procedure, there are risks. Mucosal erosion, 
discomfort, perforations, pulmonary injury, and aspiration are 
all possible complications [21]. In addition, NGTs are not a 
long-term solution for patients who need continued nutritional 
support. The use of NGT for longer than 6 weeks portends 

Figure 1. Gastrostomy tube insertion. The figure represents the technique that the gastrostomy placement was performed. Left 
flank incision was made (a) to place the tube through (b). The tube was placed into stomach and fixed to the lateral abdominal 
wall (c).

Figure 2. Masson’s trichrome staining showed more collagen formation in surgical site tissue at 17 versus 7 days post-cisplatin. 
The arrows heads show the collagen fibers.
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an increased risk of serious adverse events [21]. Therefore, 
gastrostomy tubes are commonly used to provide nutritional 
support long-term via direct access to the lumen of the stom-
ach. However, this route requires a more involved and costly 
procedure. In addition, a longer healing time is required before 
the gastrostomy site can be accessed and utilized for feeding. 
Poor wound healing and adhesion of the gastrostomy site to 

the abdominal wall can lead to morbid complications includ-
ing septicemia, peritonitis, hemorrhage, pneumoperitoneum, 
and dislodging of the gastrostomy tube [11].

There is therefore additional concern about complications 
of gastrostomy when the patient is undergoing chemotherapy 
when the need for a gastrostomy tube arises. Cisplatin is a com-
monly used, platinum-based alkylating chemotherapy agent. 

Figure 3. The flow cytometry for the CTGF, CD26, and procollagen expression from day 7 to 17. Levels at 14 days post-cisplatin 
were comparable to levels at 7 days post-saline (a). The statistical analyses were performed using two-way ANOVA with Tukey mul-
tiple comparison test. *P < 0.05; **P < 0.01; ***P < 0.001; ****P < 0.0001. The graph shows the levels of procollagen type 1 by flow 
cytometry were a significant higher expression that was present in the control group compared to the treatment group (P < 0.0001) 
for each time point (b). There was a statistically difference in procollagen type 1 between the 7 days post-chemotherapy group and 
the 17 days post-chemotherapy group for each time point (c). CTGF: connective tissue growth factor; ANOVA: analysis of variance.
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This agent is known to impact wound healing by reducing 
fibroblasts, inhibiting angiogenesis, and reducing connective 
tissue proliferation [10]. As such, debate remains regarding the 
optimal timing of gastrostomy creation when cisplatin-based 
chemotherapy has been initiated.

The chronology of the interaction between cisplatin and 
the healing wound was examined in this study. The results of 
this study suggest that it may be safe to proceed with gastros-
tomy tube placement 14 - 17 days after cisplatin because the 
CTGF, CD26, and procollagen type 1 levels in this timeframe 
approximate the levels 7 days after saline. Furthermore, the 
levels of type 1 procollagen 17 days after cisplatin are signifi-
cantly improved compared to levels 7 days after cisplatin. This 
new data can help guide providers and patients on the timing 
of post-cisplatin gastrostomy tube placement as they carefully 
weigh the risks and benefits of individual cases.

There are several notable limitations to this study. First, 
it is a preliminary animal study, rather than a human study. 
Whether intraperitoneal cisplatin in a mouse behaves the same 
as an infusion in a human is unknown. Additionally, the per-
cutaneous gastrostomy technique commonly used in humans 
for minimally invasive tube placement was not possible in the 
mouse mode. Finally, although appropriate microscopic mark-
ers of wound healing in cisplatin-treated mice were similar to 
control mice at days 14 -17, the tensile strength of the surgical 
sites was not tested.

As expected, healing was impacted by cisplatin with sig-
nificantly less CTGF, CD26, and procollagen at each time point 
when compared to saline. The results show that the levels 14 
days after a cisplatin treatment approximate the levels 7 days 
after saline. Additionally, procollagen levels are significantly 
higher in the surgical site when performed 17 days after cispla-
tin when compared to 7 days after cisplatin. This was confirmed 
qualitatively with the Masson’s trichrome stain. Thus, careful 
patient-oriented consideration of goals and timing for nutritional 
support should be undertaken with the multidisciplinary team. 
Additional studies are needed to directly extrapolate to humans.
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