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INTRODUCTION

Both surgical and non-surgical treatments for malignancies have
seen tremendous progress and innovations over the last decades.
Due to these innovations, survival rates have improved for most
cancer entities. While the search for even more potent cancer treat-
ments is ongoing, the quality of life of the patients has come
into focus. Due to the various cancer entities and inter-individual
differences between patients, therapy needs to be tailored to the
individual patients to create an optimal balance between effective-
ness and adverse effects. To provide such an individualized therapy
and the best care for oncological patients, an inter-disciplinary
approach is vital. Together with oncologists, radiotherapists, physi-
cians, and other surgical subspecialists, plastic surgeons can add
valuable tools to the armamentarium of oncological care. Plas-
tic surgery techniques can be used to cover defects following
tumor resection and thereby make resections possible that oth-
erwise would not be compatible with life, such as thoracic wall
resections. Proper planning and the application of reconstructive
procedures secure the adequate soft-tissue coverage and can also
partly restore lost function. By augmenting the soft-tissue enve-
lope, flap coverage can enable a timely start of radiation therapy or
can be used to mitigate its adverse effects by transferring healthy
tissue in case of radiation ulcers. Techniques must be as safe as
possible for the patient to keep delayed wound healing to a mini-
mum and thus not to postpone the onset of chemo- or radiation
therapy. In tumors of the extremity, these techniques allow for
oncological resection and functional limb salvage. By applying
advanced resection techniques like intra-thoraco-scapular ampu-
tations or hemipelvectomies, even extremely extended tumors can
be removed without compromising oncological safety and defects
can be covered by remaining soft-tissue flaps from the amputated
extremity. In situations where a complete resection of the tumor
cannot be achieved by the use of these techniques, plastic surgery
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can help to close ulcerating wounds, facilitate patient care, and
improve the quality of life of the palliative patient. This article aims
to present the aforementioned possibilities drawing on a series of
cases from our institution and a review of the literature.

RESECTION
Not only reconstructive techniques but also the way resections
of tumors are performed have changed dramatically over the last
decades. In soft-tissue sarcomas, for example, we have seen a shift
of the paradigms regarding the width of surgical resection, from
limb amputation over resections of the whole compartment to
marginal resections (1-3). Although the topic of amputation vs.
limb salvage remains controversial to this date regarding the qual-
ity of life of the patients, limb salvage leads to lower lifetime med-
ical costs and high rates of independent mobility, especially in older
patients (1,4-7). The case of a patient with an advanced soft-tissue
sarcoma (not otherwise specified, NOS) of the thigh and pelvic
region is depicted in Figures 1 and 2. In this case, a potentially
curative resection with clear surgical margins has been achieved
despite the size and location of the tumor. To achieve wider mar-
gins, a hemipelvectomy would have been required, but according
to our data more radical surgery with wider margins would not
improve survival but severely compromise life quality (2, 8).
Nonetheless, in tumors beyond the reach of limb salvage, prox-
imal major limb amputations are still to be considered an option,
especially in cases with severe pain, pending vascular arrosion,
bleeding, ulceration, and the loss of function of the extremity.
Locally advanced tumors of the shoulder girdle can be treated
by interscapulothoracic amputations (ISTA) or hemipelvectomies.
Since the associated morbidities are numerous and the survival of
these patients is limited, these techniques represent the last option
and require a thorough patient education (8). In some of these
cases, the resulting defect can be covered with free filet flaps from
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FIGURE 1 | MRI of a soft-tissue sarcoma of the thigh, reaching up to
the pelvic bones.

the amputated extremity to reduce the strain after such operations
at least to some extent (9). Figures 3 and 4 show the case of a
patient with advanced carcinoma of the upper arm with pain and
loss of function. In order to achieve a curative resection, an ISTA
had to be performed and the direct closure as well as clean margins
has been achieved.

STUMP MODIFICATIONS

Even despite technical progress and multimodal treatments, such
extended resections as described above are still required in selected
cases. In some of these cases, resection and reconstruction can be
combined by means of spare part surgery. In selected malignant
tumors of the leg, a Borggreve rotationplasty allows for a radical
resection of the tumor while it simultaneously enables the surgeon
to obtain a maximal stump length and a sensible and resilient skin
cover as well as a neo-knee joint that enables the active motion of
the orthesis. This makes it possible to mobilize the patient more
easily by reducing wound healing disorders of the stump and the
amount of energy needed for ambulation (10, 11). A case of a
patient with ulcerated carcinoma affecting the femur and femoral
vessels but not the ischiadic nerve is shown in Figures 5-7. In this
case, a Borggreve rotationplasty has been performed after tumor
resection.

Although such radical and often mutilating surgical inter-
ventions are necessary in selected cases, modern reconstructive
techniques are able to close the gap between oncological safety
and extremity salvage for most patients. Defects of the extremities,
which would have led to amputation a few decades ago, can now be
safely covered by free tissue transfers, thus salvaging the extrem-
ity. The ability to reconstruct large and full-thickness defects of
the thoracic wall by reliable flaps permits radical resections, which

FIGURE 2 | Intraoperative situs after tumor resection with exposed
gemelli muscles, tuber ischiadicum, and femoral vessels after
resection of the adductor muscles.

FIGURE 3 | Intraoperative aspect of the advanced carcinoma of the
upper arm including markings for the planned resection.

otherwise would have been lethal. Thus, in cases where an ade-
quate resection with clean margins and a safe reconstruction can
be achieved, the preservation of form and function should be of
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FIGURE 4 | The resected arm including the shoulder girdle at
interscapulothoracic level.

FIGURE 5 | Intraoperative aspect of an ulcerated carcinoma of the
thigh.

utmost importance. Due to the steady evolution of reconstructive
techniques, these aims can be achieved in most cases and with little
donor-site morbidity.

Not only the operative techniques are evolving, but the set-
tings in which the treatment of oncological patients takes place
are also changing. Further specialization and inter-disciplinary
teamwork has led to new sub-specialties like breast surgery, which
has seen a tremendous increase in recent years (12). Due to the
focused field of care and an inter-disciplinary approach, care for
patients with breast malignancies can be optimized. Proper (neo-
)adjuvant treatment can be tailored to the individual patient and
administered in conjunction with the surgical approach. Depend-
ing on the tumor size and localization, a one-stage oncoplastic
operation can be sufficient to achieve clean surgical margins and a
good cosmetic result without compromising oncological safety. In

FIGURE 6 | Situs after resection of the tumor with preserved ischiadic
nerve.

FIGURE 7 | Status four weeks post-operatively with the heel forming
the new knee.

more advanced malignancies of the breast leading to its amputa-
tion, modern reconstructive techniques like perforator-based flaps
from the abdomen or the buttock allow for an esthetic recon-
struction with autologous tissue and little donor-site morbidity.
Therefore, to achieve optimal results, the tumor resection needs to
be planned with the reconstruction in mind. This is also true for
incisional biopsies in larger tumors, where both the surgical inci-
sion and a potential drain needs to be placed under consideration
of a following resection.

Due to this wide variety of factors that need to be considered
to deliver optimal cancer care, specialized centers with an inter-
disciplinary approach have continued to emerge. Such specialized
high-volume centers can improve the overall outcome of cancer
operations due to the specialists’ experience, the clinical routine
and the close collaboration of all disciplines involved (13, 14).
These do not only include surgical and oncological disciplines but
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also a specialized department of pathology with adequate expe-
rience in the center’s special field of cancer as well as dedicated
physical and occupational therapists to enable a fast recovery of
the patient.

RECONSTRUCTION

Due to the plethora of reconstructive possibilities available today,
a comprehensive description is impossible to deliver within the
limited scope available. Therefore, we aim to present a general
pattern of indications and reconstructive possibilities for common
problems in oncological patients.

Although technical improvements have led to an increased
armamentarium of flaps, all available techniques should be care-
fully considered when planning a (microsurgical) reconstruction.
Among the factors that need to be considered are the loca-
tion and size of the defect, potential receiving vessels and the
required pedicle length, relevant comorbidities and past opera-
tions, and the individual distribution of soft-tissue to avoid an
excessive bulkiness of the transplanted tissue, especially on the
extremities.

Amid the wealth of reconstructive possibilities available for a
specific problem, the question of donor-site morbidity and hence
the patients’ quality of life also needs to be considered.

To choose an adequate reconstructive procedure, the basic
principle of the reconstructive ladder can be applied. The recon-
structive ladder illustrates the increasing technical demand from
simple sutures to skin grafting, local, and pedicled flaps up to
microvascular tissue transfer. Based on this principle, the safest
and least challenging method that still offers sufficient coverage
of the defect should be chosen. Based on the factors mentioned
above and with the reconstructive ladder in mind, one can choose
the most suitable reconstructive procedure for a particular case.
Although the reconstructive ladder provides good guidance for
most cases, it can be necessary in selected cases to skip some of its
steps. For example, in a patient with radiation damage, coverage
via directly adjacent flaps is often difficult to achieve due to the
resulting fibrosis of the soft-tissues. In such cases, free flaps should
be considered even for smaller defects, since the unaffected tissue
can be safely applied in radiated tissue or before radiation therapy
and can even mitigate the adverse effects of radiotherapy such as
unstable skin cover or scarring.

PEDICLED FLAPS

Pedicled flaps are based on various compositions of tissue with
a dedicated blood supply. By maintaining this blood supply and
transposing the dissected flap, a nearby defect can be closed. Due
to the inherent blood supply and the amount of tissue that can be
transferred, such flaps can reconstruct defects with exposed func-
tional structures like tendons or bone, which cannot be covered by
skin grafts.

Pedicled flaps are readily available at the ventral trunk and are
sufficient for most reconstructive challenges. On the extremities,
flap coverage is often required due to the relatively little soft-tissue
coverage and bony prominences. While there are several working
horse flaps for the local reconstruction of soft-tissue defects of the
lower extremity, large defects of these areas frequently require free
tissue transfer.

LATISSIMUS DORSI FLAP

A pedicled latissimus dorsi flap based on the thoraco-dorsal artery
can sufficiently cover most defects on the thoracic wall. It can be
harvested with relative ease due to the large caliber vessels and its
anatomical reliability. Due to its large radius of rotation, including
the ventral thoracic wall, the sternal region and the upper arm,
it is a versatile flap that can cover large defects. Except for a rela-
tively high rate of seroma formation at the donor site, which can
be treated conservatively in most cases, the donor-site morbidity
is low (15). It can also be harvested as a free flap and is especially
valuable for covering large defects.

RECTUS ABDOMINIS FLAP

Another versatile pedicled flap that can be harvested with relative
ease is the rectus abdominis muscle flap. Utilizing either a verti-
cal (vertical rectus abdominis muscle flap; VRAM) or a transverse
(TRAM) skin island, it can be harvested with a cranial or caudal
pedicle. This greatly increases the flap’s range of transposition and
therefore its versatility. Based on a cranial pedicle, a VRAM can
easily cover the whole sternal region and the upper thorax. Utiliz-
ing a caudal pedicle, this flap allows for the coverage of the inguinal
region and can also help to reduce the lymphatic congestion that
often goes along with an extended tumor resection in the inguinal
region by drainage to the contralateral side (16). It can also be
tunneled through the pelvis and be used to close perineal defects
after the resection of rectal cancer. The VRAM and TRAM can
be combined as an “anchor flap” to allow for the coverage of very
large defects, e.g., after the radical resection of advanced malig-
nancies of the anterior chest wall. Figures 8 and 9 depict the case
of a male patient undergoing a VRAM procedure for the perineal
reconstruction following the resection of advanced rectal cancer.

GASTROCNEMIUS MUSCLE FLAP

The gastrocnemius muscle flap is a safe and reliable flap that can
easily cover the knee and the proximal tibia. It supplies well per-
fused and thick muscular tissue that creates a durable and resilient
cover but requires skin grafting to cover the muscle. The donor-
site morbidity is moderate and well tolerated by the majority of
patients (17, 18). Figures 1012 show a case of an exulcerating
sarcoma of the lateral knee. After the resection of the tumor, the
resulting defect is covered with a pedicled lateral gastrocnemius
flap and a skin graft.

PEDICLED PROPELLER FLAPS

Another recent development is the so-called propeller flaps. With
conventional pedicled flaps, one is limited to certain given donor
sites where flaps based on an axial blood supply can be raised, e.g.,
the latissimus dorsi flap or the sural artery flap. Depending on their
blood supply, such flaps can be harvested in either an antegrade
or retrograde fashion, which can extend their range of transposi-
tion. While there is a variety of pedicled flaps available in certain
anatomic regions (e.g., the ventral thoracic wall), such opportu-
nities are rare in other regions (e.g., the dorsal trunk). Based on
the perforator principle discussed above, one can identify a sin-
gle perforating vessel via hand-held doppler and can design a flap
based on this vessel. To enable a wider range of rotation, the vessel
can be placed in an eccentric position and the raised flap can be
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FIGURE 8 | Intraoperative aspect of the pedicled VRAM flap prepared
to cover a perineal defect.

rotated up to 180° to close adjacent defects, which explains the
term “propeller flap.” Such flaps are seeing an increased clinical
application, especially in regions where “conventional” pedicled
flaps are sparely available (19). Due to their comparable skin tex-
ture and appearance as well as less bulk, such flaps can provide
better esthetic results. Achieving such good esthetic results and
the best quality of life possible is a high objective. However, as
with the free flaps discussed later, this may not lead to neglecting
the safety of the technique and therefore the patients’ safety.

FREE FLAPS

Free flaps are based on a dedicated blood supply by well-defined
vessels. Using these vessels, the flap can be dissected free from
the surrounding tissue and transplanted to a remote defect, where
the flap’s vessels can be anastomosed to a local recipient vessel by
means of a surgical microscope. Such flaps can incorporate various
tissues from skin and subcutaneous tissue to muscle and tendons
and can be harvested in various sizes. Since the choice of the right
flap is not limited to the region of the defect, a variety of flaps
is available for microvascular reconstruction. Therefore, the opti-
mal flap for a certain defect can be chosen with great liberty, taking

FIGURE 9 | Situation after transabdominal transposition of the flap.

FIGURE 10 | Preoperative aspect of an ulcerating sarcoma of the lateral
knee.

different factors into account like the size of the defect, its location,
and available recipient vessels as well as the resulting donor-site
morbidity from the flap harvest.
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FIGURE 11 | Intraoperative aspect after resection of the tumor and
elevation of the pedicled lateral gastrocnemius muscle flap. Notice the
dissected vascular pedicle of the flap.

FIGURE 13 | Intraoperative aspect after harvesting the flap. Notice the
two dissected perforating vessels that provide the flap’s blood supply.

FIGURE 12 | After transposing the flap into the defect and primary
closure of the donor site. The flap still requires a split skin graft.

TRAM/MS-TRAM/DIEP

The TRAM flap described above can also be harvested as a free flap
and was once the mainstay for autologous breast reconstruction
due to the bulk it can deliver and the relatively easy technique.
The donor-site morbidity after removal included abdominal wall
weakness and symptomatic herniation. To mitigate this significant
downside, the amount of muscle removed was reduced to a cuff
around the vascular pedicle, resulting in the muscle-sparing rec-
tus abdominis flap (MS-TRAM). In a further attempt to reduce
donor-site morbidity, the perforating vessel supplying the skin
over the lower abdomen was dissected through the muscle to its
origin at the deep inferior epigastric artery. This resulted in the
deep inferior epigastric artery perforator flap (DIEP), which has
become one of the most popular choices for autologous breast
reconstruction today with only moderate donor-site morbidity.

FIGURE 14 | Post-operative aspect of the same patient. The abdominal
defect is closed by an abdominoplasty.

Figures 13 and 14 depict the case of a patient undergoing DIEP
flap reconstruction following the ablation of the right breast due
to carcinoma.

LYMPHATIC SURGERY
A common problem after tumor resection and lymph node dis-
section both in the axilla and the groin area is a persistent lymph
edema of the affected extremity. While conservative treatment with
manual lymph therapy and pressure garments can improve this
condition, it often remains a serious concern for the patients. In
recent years, various operative treatments for lymph edema have
emerged. The most established procedures are based on creat-
ing lymphovenous shunts or on transplanting lymph nodes from
remote regions.

In both approaches, microsurgical techniques are employed
to improve lympathic drainage via the venous system or by the
reconstruction and augmentation of the lympathic system.
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While both approaches seem to yield good results, the trans-
plantation of lymph nodes has shown better overall results, at least
according to the few studies available today (20-22).

In patients undergoing breast reconstruction with DIEP flaps,
these reconstructive procedures can be combined by including
inguinal lymph nodes into the DIEP flap for a reconstruction of
the axillary drainage.

ANTERIOR LATERAL THIGH

This principle of using the perforating vessels that supply a ded-
icated area of skin and subcutaneous tissue (perforasome) as the
flap’s vascular pedicle can also be applied to various other flaps
(23). The anterior lateral thigh (ALT) flap is such a flap and has
become one of the work-horse perforator flaps for microsurgical
reconstruction due to its versatility, the relatively little bulk, and
the fact that it can be raised in a prone position. It can be har-
vested as a fascio- or adipocutaneous flap and be used for a variety
of reconstructive purposes. Although it has no obvious functional
donor-site morbidity, a recent study has shown that the majority
of patients who received both flaps prefer the donor-site of the
parascapular flap over the ALT (24).

Also, the variable patterns of blood supply of perforator flaps
need to be taken into consideration. While “classic” free flaps, like
the parascapular flap, have a reliable, longitudinal blood supply
with little anatomical variation and can therefore be harvested
with relative ease, perforator flaps are more difficult to raise and
require advanced technical skills.

FUNCTIONAL RECONSTRUCTION

In cases where neuro-vascular structures or large portions of mus-
cle tissue have to be resected, the resulting functional deficits can
be attenuated by reconstructive procedures. Neural reconstruc-
tions by means of autologous transplantation or conduits often
yield only abstemious results, especially in cases where adjuvant
radiotherapy is applied.

Therefore, motoric reconstructions utilizing the transfer of
tendons of still functioning muscles to replace the lost function
are a good choice for most patients. One of the most common
conditions warranting such a functional reconstruction is the
proximal radial nerve palsy, due to trauma or tumor resection.
Various transfers of tendons have been described for this condi-
tion, one of the most common types of reconstruction utilizes
the pronator teres muscle for wrist extension, the palmaris longus
muscle for thumb extension and abduction and the flexor carpi
ulnaris muscle to regain finger extension. These transfers yield
good functional results with relatively little donor-site morbid-
ity (25, 26). Although the muscles that can be used vary greatly
between patients and their individual patterns of functional loss,
the principle of replacing lost muscle function by the transfer of
still working muscles remains valid and can be applied for various
conditions.

On the lower extremity, one of the most common conditions
that can be treated by functional tendon transfer is the drop foot
deformity resulting from injury or the resection of the fibular
nerve. By transferring the posterior tibial tendon and fixing it
to the anterior tibial and the long peroneal tendon as a stirrup-
procedure, active dorsiflexion of the foot can be restored. This

enables most patients to regain normal gait without the help of
orthotic devices.

A recent study has shown that the active range of motion of
the foot and the quality of life can be improved by this reliable
procedure without altering the pressure distribution of the foot or
a significant donor-site morbidity (27).

In patients with loss of the knee’s extensor apparatus, either due
to the resection of the quadriceps muscle or the femoral nerve, the
hamstring muscle tendons can be transferred to the patella or
patellar tendon to regain at least a moderate amount of extension
and enable a normal gait.

When the hamstring muscles are unavailable, a free muscle
transfer can also yield good results, although the rehabilitation
period is significantly longer than in patients with direct tendon
transfers (28-31).

Functional muscle transfers also present a valid reconstruc-
tive possibility for the upper extremity. In patients undergoing
a resection of the ventral upper arm compartment, the pedicled
latissimus dorsi muscle can be transferred and reinserted at the
lower arm to replace the biceps brachii muscle and allow for
active flexion of the elbow joint. A recent study has revealed a
low strength of elbow flexion but a good range of motion in these
patients (32), enabling them to participate in daily activities with
much less constraint.

Figure 15 shows the case of a patient undergoing the resection
of the ventral compartment of the upper arm due to an advanced
soft-tissue sarcoma followed by functional reconstruction via a
pedicled latissimus dorsi flap.

In cases where the option of a pedicled muscle transfer is not
available, the gracilis muscle can be transferred to the upper arm
and coapted to a donor nerve to restore elbow function (33).

PALLIATION

Due to advances in adjuvant and neoadjuvant treatment modal-
ities, survival rates have improved over the last decades, even for
patients with advanced tumor states.

For such patients, improving the quality of life is paramount
when considering their limited life expectancies. Local cancer
progress can result in exulcerated, bleeding, and painful wounds
that often require extensive dressings and complicated patient
care. Foul odor and secretion lead to social isolation and a further
decrease of the patients’ quality of life.

While a conservative treatment with wound irrigation and
dressing changes is possible, it is time consuming, painful, and
can only mitigate the impact of the wounds on social interaction.

In such cases, palliative tumor resections and coverage of the
resulting defects can help these patients to regain their indepen-
dence and enable them to socially interact again (34). In a palliative
setting, the use of reliable and safe techniques is of utmost impor-
tance to reduce the duration of hospital stay for those patients with
regard to their limited life expectancy. This has to be considered
from the very beginning of the treatment plan.

In these settings, a compromise between the radicalness of the
resection and the resulting strain for the patient needs to be found.
In patients with advanced tumors with infiltration of the tho-
racic wall for example, whole-thickness resections are often not
warranted, since they dramatically increase the invasiveness, the
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FIGURE 15 | Restored active flexion of the elbow by reinsertion of the
transferred latissimus muscle to remnants of the biceps tendons.

reconstructive effort, and the recovery time for the patient. Espe-
cially, in a palliative setting, a close, honest, and comprehensive
counseling of the patient is vital. Also, post-operative care and
rehabilitation needs to address special issues of these patients, such
as a focus on a timely return to activities of daily life and psycho-
oncological support. Based on these principles, surgery should
not be shunned in the face of limited life expectancy and advanced
tumors but used wisely to help patients regain their quality of life
and social independence.

CONCLUSION

Plastic surgery can aid in the inter-disciplinary concept of care
for oncological patients by verifying the diagnosis via biopsies,
the planning and execution of a tumor resection, and the cover-
age of the resulting defect and functional reconstructions. Even in
advanced tumor stages, safe and reliable techniques allow for the
removal of exulcerating tumors and timely defect coverage and
enable patients to regain life quality. Safe and reliable procedures
with a clear focus on the patients’ safety and their quality of life are
essential to provide optimal care for oncological patients. While

oncological safety remains of utmost importance, a multimodal
approach and advanced plastic surgery techniques can improve
survival and life quality as well as mitigate resulting functional
deficits.

Due to the growing complexity of oncological care and the
variety of disciplines involved, this can be best achieved in an
inter-disciplinary setting of close collaborations (tumor boards,
joint rounds, etc.) and is therefore well suited in specialized
high-volume centers.
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