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ABSTRACT

SUMMARY: Talimogene laherparepvec is an oncolytic virus recently approved for targeted treatment of advanced melanoma. Because
of an inflammatory reaction, treated lesions may increase in size and develop infiltrative margins that can be construed as disease
progression or extracapsular spread. In this report, we describe our initial experience imaging the response of metastatic nodes injected
with talimogene laherparepvec. Six of 12 nodes (50%) showed growth from baseline followed by decreased size, 5 of 12 nodes (42%) showed
a downward size trend, and 1 node showed continued increase in size. Seven of 9 nodes (78%) developed infiltrative margins at a median
of 79 days, and 6 of 9 (67%) nodes became necrotic at a median of 76 days after injection, all showing decreased size at final follow-up. An
increase in the size of nodes injected with talimogene laherparepvec does not necessarily indicate progression. Infiltrative margins are also
frequently seen and may be confused with extracapsular disease.

ABBREVIATION: T-VEC � talimogene laherparepvec

Talimogene laherparepvec (T-VEC) is a second-generation on-

colytic virus that was approved for the treatment of unresect-

able melanoma in the United States and Europe in 2015. This is

the first intralesional immunotherapeutic agent approved by the

FDA and the European Commission as well as the first such drug

to show an increased durable response rate and overall survival in

a Phase III clinical trial in patients with melanoma.1 T-VEC is a

herpes simplex virus type 1 that has been genetically modified to

selectively replicate in tumoral tissue. It results in direct lysis of

tumor cells, which is followed and enhanced by a systemic im-

mune response against viral and tumoral antigens.2 Data so far

suggest that T-VEC is effective at achieving local control, though

treatment of systemic disease may necessitate combination

therapy.3

Histopathology shows that T-VEC elicits a prominent local

inflammatory reaction and, in many cases, an increase in the size

of the lesion followed by subsequent response.4,5 In our institu-

tion, in addition to an increase in size, we have noted the devel-

opment of infiltrative margins and necrosis on CT in several T-

VEC–injected nodes that ultimately decreased in size, mimicking

extracapsular spread or progression of disease at some point dur-

ing follow-up. The purpose of this report is to describe the imag-

ing manifestations of nodes injected with T-VEC and correlate

these findings with final nodal size and patient outcome.

Case Series
This post hoc analysis was approved by our institutional review

board and was derived from a Phase Ib clinical trial assessing the

safety of combined intratumoral T-VEC injection and intrave-

nous ipilimumab in adult patients with histologically confirmed

stage IIIB/IV melanoma. After the first injection with T-VEC,

nodes were re-injected after 4 weeks and then every 2 weeks until

complete response, disappearance, or disease progression per

the immune response–related criteria.6 Amenable nodes were

injected by using palpation or sonography guidance. The ini-

tial dose was 106 plaque-forming units/mL followed by 108

plaque-forming units/mL thereafter,4 with injected volumes

ranging between 0.5–2 mL. Ipilimumab was administered a

total of 4 times, every 3 weeks starting at week 6 from the first

T-VEC injection.

We included a total of 12 nodes from 7 patients. The following

imaging features were recorded on serial contrast-enhanced CT

by a single radiologist and compared with baseline CT before

injection: average size (cross-sectional dimensions), margins
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(well circumscribed or infiltrative), and necrosis. The median fol-

low-up was 277 days (interquartile range, 221–348).

Two major growth patterns were observed. Six of 12 nodes

(50%) showed an increase in size relative to the baseline followed

by decreased size, with the size at final follow-up smaller than

baseline (Fig 1A). Peak nodal size was reached at a median of 93

days (interquartile range, 79 –104) after the first T-VEC injection

and ranged from 29%–106% increase in size, with a median of

41%. Five of 12 nodes (42%) showed a downward trend in size

(Fig 1B). Two of these showed minor increases in size during

follow-up, but never larger than baseline. Two of 5 nodes were

nonmeasurable at last follow-up CT. The remainder node (1 of

12; 8%) showed an upward trend (Fig 1A), but could not be fol-

lowed after 184 days because the patient was placed under hospice

care because of systemic disease progression. Except for this node,

the sizes of all other nodes at last follow-up were smaller than

baseline.

Regarding margins, these were well circumscribed at baseline

in 9 of 12 nodes (75%), and the rest were infiltrative. Seven of the

9 nodes (78%) with initially well-circumscribed margins eventu-

ally became infiltrative at a median of 79 days (interquartile range

73–94) after the first T-VEC injection (Fig 2).

Three of 12 nodes (25%) showed necrosis at baseline CT. Ne-

crosis eventually developed in 6 of the remaining 9 nodes (67%) at

a median of 76 days (interquartile range, 72– 81) since the first

T-VEC injection (Figs 2 and 3). All nodes that became infiltrative

or developed necrosis during follow-up showed a final size that

was smaller than baseline. All nodes that were initially necrotic

also showed a decreased final size compared with baseline. Clini-

cal features and patient outcomes are summarized in the Table.

DISCUSSION
The potential antitumoral effects of viral infection have been rec-

ognized for many years.7 Although the affinity of certain viruses

for tumor cells has long been established, the main issue until

recently has been achieving control of viral replication in normal

tissues. Genetic engineering has made it possible to design organ-

isms that will selectively replicate in tumoral tissue while mini-

mizing damage to the host. Deletion of the �34.5 gene in T-VEC

and other oncolytic viruses reduces their pathogenicity by inhib-

iting replication in normal tissue, whereas inactivation of the �47

gene promotes their replication in cancer cells.4 In addition, T-

VEC has been modified to express granulocyte-macrophage col-

ony-stimulating factor, which amplifies an immune response

against the tumor.5 In essence, T-VEC’s mechanism of action is

2-fold: a direct oncolytic effect after viral infection of the tumor

and a secondary systemic response mounted by the host. The

virus is the treatment agent rather than a drug delivery carrier.

Notably, regional and systemic antitumor responses can be de-

layed for several weeks after the initiation of treatment and are

most prominent in injected nodes, but nodes that were not in-

jected are also affected to a lesser extent.8

FIG 1. Line graph showing change in size over time relative to baseline
CT. A, Fifty percent of nodes showed initial growth followed by de-
creased size. One node (marked with an asterisk at last time point)
demonstrated a continued increase in size, but could not be followed
after 184 days. B, Forty-two percent of nodes showed a downward
trend in size. The final size was smaller than baseline in all nodes
except for the one indicated in A.

FIG 2. A, Coronal contrast-enhanced CT shows a round, well-circumscribed necrotic lesion (black arrow) at the inferior aspect of the right
parotid gland. B, The lesion has increased in size and developed infiltrative margins (white arrow) 72 days after injection. Follow-up at 111 days (C)
and 184 days (D) after injection demonstrates further growth and marked increase in central necrosis. E, The lesion shows decreased size after
337 days.
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On histopathologic analysis, Hu et al4 showed inflammatory

changes in nearly all tumors injected with T-VEC. They found

that necrosis was present in most treated tumors and was fre-

quently extensive, with sparing of normal tissue. Although the

prognostic significance of necrosis in melanoma nodes injected

with T-VEC is established, the development of necrosis in solid

tumors is generally accepted as a marker of tumor lysis and cell

death.9 In a Phase II trial of patients with melanoma metastases

treated with bevacizumab, the development of marked de-

creased attenuation or central necrosis (as part of the modified

Morphology, Attenuation, Size, and Structure [MASS] criteria)

was rare, but constituted a strong predictor of favorable response,

with such changes deemed to be secondary to devascularization.10

A different study where bevacizumab was administered in com-

bination with ipilimumab, an immunotherapeutic agent, also

showed that necrosis was rare.11 In contradistinction to these

studies, but consistent with the histopathologic description of T-

VEC-injected nodes by Hu and colleagues,4 the development of

necrosis was common in our cohort, and all such nodes showed a

subsequent decrease in size. Therefore, it is reasonable to specu-

late that this phenomenon may be more of a function of the on-

colytic properties of the virus rather than a systemic response and,

therefore, more likely to be seen in patients injected with T-VEC

and similar agents than in those receiving systemic immunother-

apies or antiangiogenic drugs.

Most nodes in our study developed infiltrative margins at

some point during follow-up, and all of these demonstrated a

decreased final size. Although in the appropriate setting, ill-

defined nodal margins suggest an inflammatory or infectious pro-

cess, the imaging appearance of extracapsular tumor spread is

indistinguishable. This finding has important treatment implica-

tions in a variety of head and neck tumors, where it conveys a poor

prognosis.12,13 In melanoma, extracapsular spread in metastatic

nodes also has prognostic implications and has been associated

with failure after regional lymphadenectomy and potential

benefit from more aggressive therapies.14,15 Thus, it is critical

not to confuse these inflammatory changes with tumor pro-

gression because this could lead to the discontinuation of an

effective therapy.

In our patients, 50% of all injected nodes showed initial

growth before subsequently decreasing in size. This is consistent

with the results from a Phase III trial in which more than half of

the patients had lesions that initially increased in size or developed

new lesions before achieving a response.1 This phenomenon of

pseudoprogression has been described with other immunothera-

pies and is probably related to a flare reaction in the setting of

inflammatory changes with or without edema, whereby estab-

lished lesions can show a transient increase in size and micro-

scopic disease may become inflamed and detectable as a “new”

lesion on posttreatment imaging.6,16 It is also possible that in at

least some of these cases, there is continued tumor growth until a

considerable immunologic response is developed.6 In our study,

extensive necrosis accounted for the increase in size of some

nodes. Again, transient lesion growth and the development of

“new” lesions can lead to patients being classified as having dis-

ease progression when some of them may actually benefit from

continuation of treatment. Conventional criteria for objective

treatment response, such as the Response Evaluation Criteria in

FIG 3. A, Axial contrast-enhanced CT shows a small nodule in the deep right breast/axillary region (white arrow). The lesion shows slight central
hypoattenuation and increased size at 34 days after injection (white arrow, B) with the development of frank central necrosis after 72 days (black
arrow, C). There is a mild further increase in size at 104 days (D), followed by decreased size at 125 days (E) and near complete resolution at 174
days (F).

Clinical features, disease stage, final nodal size (relative to baseline CT), and patient outcome
Patient

No.
Lesion

No.
Age,

yr Sex Stage
BRAF

Status Location
Final Lesion

Size Patient Outcome
1 1 63 F T3bN3M1a Negative Left supraclavicular Decreased Remission.
2 2 66 M TxNxM1c Wild type Right supraclavicular Decreased T-VEC discontinued after disease progression in

ribs. Placed on nivolumab with partial response.3 Right supraclavicular Decreased
3 4 40 M pT1bN3M1c Positive Right preauricular Decreased IL-2 followed by BRAF and MEK inhibitors after

ipilimumab/T-VEC treatment. Deceased.5 Right submandibular Decreased
4 6 44 M T3bN3M1b Positive Right axillary Decreased BRAF and MEK inhibitors after ipilimumab/T-VEC

treatment, followed by disease progression.
Deceased.

7 Right axillary Decreased

5 8 58 F T3bN2M1a Wild type Left upper back Decreased Complete response for 21 months, followed by
axillary recurrence. Placed on nivolumab.9 Left breast Decreased

6 10 32 M T4bN3M1a Negative Left retroauricular Decreased Partial response for 6 months. Placed on
nivolumab.

7 11 63 M T3aN3M1c Negative Right chest wall Increased Rapid deterioration after brain metastases.
Deceased.12 Right axilla Decreased

Note:—IL-2 indicates interleukin 2.
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Solid Tumors (RECIST) or the World Health Organization crite-

ria, have inherent limitations in patients receiving immunother-

apeutic agents. Prior studies using conventional criteria have doc-

umented tumor regression in patients initially thought to have

stable or progressive disease.17 Newer criteria such as the immune

response–related criteria are more inclusive of the expected pat-

terns of disease activity in patients receiving these agents and may

be better suited to evaluate response in such circumstances.6

This study has several limitations, the most notable being the

small sample size and the retrospective nature of the analysis. The

timing of the development of necrosis and infiltrative margins is a

broad estimate because we do not know the exact time point when

these changes occurred before the imaging study where they be-

came evident. Depending on individual clinical need, CT studies

were performed at different times after injection, and that intro-

duced some variability. In addition, it is difficult to account for

effects that ipilimumab may have had on individual nodal re-

sponse, either by itself or through synergism. It is well established

that ipilimumab may incite an inflammatory response and, in

some cases, a temporary increase in tumor size can be observed

during the first few weeks of treatment.18 Data from Phase II

clinical trials in patients with advanced melanoma treated with

ipilimumab show that close to 10% of them would have been

misclassified as having progression of disease by World Health

Organization criteria based on an increase in lesion size or the

development of new lesions alone.6,19 The greatest increase in

nodal size in our study occurred between 9 and 20 weeks after

ipilimumab was initiated. We do not know to what extent the

presumed inflammatory effects of T-VEC and ipilimumab may

have overlapped.

Lastly, although final smaller nodal size may represent suc-

cessful treatment, the presence of viable disease cannot be ex-

cluded because the nodes in our series were not biopsied. In ad-

dition, although FDG-PET may have some utility in monitoring

the response to T-VEC and other immunotherapies, data from

both animal models and patients with cancer suggest that avid

uptake could in some cases represent an inflammatory response

to the virus and should not be automatically interpreted as pro-

gression of disease.20,21 The patients in our small cohort did not

consistently have an FDG-PET scan after T-VEC injection during

the time that these nodes were followed, and therefore, correla-

tion with the morphologic changes that we observed was not

possible.

CONCLUSIONS
In summary, half of the nodes in our patients showed an initial

increase (pseudoprogression) in size after T-VEC injection fol-

lowed by decreased size and, in some cases, resolution of the le-

sion. The development of infiltrative margins and necrosis was

frequent, and all such nodes showed a final size that was smaller

than baseline, a presumed measure of success. These imaging

manifestations are concordant with the expected biologic behav-

ior of lesions treated with immunotherapeutic agents, and necro-

sis appears to be common and prominent after T-VEC injection.

Increased size per se is not necessarily indicative of progression or

an indication to stop treatment in clinically stable patients. Addi-

tional studies with a larger number of patients are needed to fully

understand the radiographic progression and magnitude of these

changes and the relative contribution of both targeted and sys-

temic immunotherapies. Because the use of targeted agents is a

fairly new development and not as of yet widespread, many head

and neck radiologists may not be aware of these potential imaging

findings. The recognition that a patient may be undergoing such

treatments is paramount to avoid diagnostic pitfalls and confu-

sion with extracapsular spread or progression of disease. Our pre-

liminary results highlight the importance of being cognizant of

specific treatments before image interpretation.

Disclosures: Frances Collichio—UNRELATED: Consulting Fee or Honorarium: Am-
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